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(57) Compounds of the following general formula (I) and pharmaceutical! y acceptable salts thereof. 
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*7 According to the present invention, compounds which antagonize the action of fibrinogen receptors and, therefore, 

^ have a high platelet ag^egation-inhibrting activity, an in vivo stability against the cleavage with proteolytic enzymes and 
IO an excellent bioavailability are provided, which are useful as agents for inhibiting platelet aggregation. The pharmaceu- 
tical preparations comprising the compounds as active ingredient are very effective for preventing platelet thrombosis, 
thromboembolism and reocclusion during and after thrombolytic therapy, and preventing platelet thrombosis, throm- 
bi boembolism and reocclusion after angioplasty of coronary and other arteries and after coronary artery bypass proce- 
00 dures. These preparations are also be very effective for preventing unstable angina and myocardial infraction, 
q improving peripheral circulatory bloodstream and inhibiting blood coagulation during extracorporeal circulation. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to novel compounds having a platelet aggregation-inhibiting action and pharmaceu- 
tical preparations comprising the compounds as active ingredient which can be used as agents for inhibiting platelet 
aggregation, blood coagulation during extracorporeal circulation and reocclusion of coronary arteries. 

BACKGROUND ART 

10 

Platelets in blood play such an important role in hemostasis that they adhere to the surface of an injured blood ves- 
sel to prevent bleeding there from. However, under diseased conditions, platelet aggregation is known to be primarily 
responsible for the formation of thrombi, which causes the obstruction of blood vessels. This obstruction prevents the 
adequate supply of oxygen and nutrients to tissues and organs and thereby causes ischemic diseases in circulatory 
75 organs such as myocardial infarction and cerebral infarction. At present the high mortality from these ischemic dis- 
eases has become a serious social problem. 

When medical treatments involving the extracorporeal circulation of blood, as exemplified by the use of artificial 
hearts and lungs during surgical operations and renal dialysis for patients with renal failure, are conducted, blood coag- 
ulation is sometimes caused during the extracorporeal circulation of blood by the activation and aggregation of plate- 
20 lets, which is a great obstacle to the performance of such medical treatments. 

It is suggested that platelet aggregation partakes in acute reocclusion after pericutaneous transluminal coronary 
angioplasty (PTCA) as applied to thrombi in coronary arteries in patients with cardiac infarction. 

Hence, prevention of thrombus formation, blood coagulation and reocclusion of coronary arteries after the opera- 
tion by inhibiting platelet aggregation is very important for the purpose of preventing or treating ischemic diseases a 
25 performing medical treatments through extracorporeal circulation in a safe manner. It has become known in recent year 
that platelet aggregation also plays an important role in the progress of arterial sclerosis. 

The process of platelet aggregation consists of two stages, La. the activation of platelets and a subsequent aggre- 
gation mediated by cross-linking protein "fibrinogen" in plasma. Almost all of the conventional platelet aggregation- 
inhibiting agents target the first activation process. These agents include cydooxygenase inhibitor aspirin, adenylate 
30 cyclase activator ticlopidine, phosphodiesterase inhibitor dipyridamole and the like. These compounds are not satisfac- 
tory in the specificity of action and the aggregation-inhibiting activity. Therefore, there is a need for the development of 
pharmaceutical agents having a more specific and potent action. 

As regards the aggregation process mediated by fibrinogen, it has been known that fibrinogen is associated with 
platelets by a very highly specific bincfing to glycoprotein igpHblUa" which is a fibrinogen receptor on the surface of 
35 platelet membranes. Inhibition of such platelet-specific binding will lead to the development of a highly specific drug. 
Inhibiting the binding of fibrinogen to platelets will also contrfoute to the creation of a potent and highly specific platelet 
aggregation-inhibiting agent because even activated platelets cannot aggregate if the f brinogen-mediated aggregation 
process is inhibited. 

In a study from the viewpoint of molecular biology, Andrieux et al. found that the binding of fibrinogen to a fibrinogen 
40 receptor is primarily dependent on an amino acid sequence in the fibrinogen molecule, that is, arginine-glycine-aspartic 
acid-phenylalanine (RGDF) (Andrieux et al., J. Biol. Chem., vol. 264, pp. 9258-9265, 1989). 

An attempt was made to synthesize this partial peptide and its analogues and use them as fibrinogen receptor 
antagonists. Japanese Unexamined Patent Publication (hereinafter referred to as "KOKAI") Nos. Hei 1-190699 and Hei 
2-62892, EPO 422937 A1 and United States Patent (hereinafter referred to as lISP") No. 4952562 disclose tetrapep- 
45 tide derivatives containing the RGD peptide. KOKAI No. Sho 63-215696 discloses derivatives consisting of peptides. 
KOKAI Nos. Hei 3-1 18331 and Hei 2-62892 and W09 1/0 1331 disclose derivatives having the cyclic structure of the 
RGD peptide 

The RGD peptide is characterized in that it is digested in vivo with a protease to amino acids which are safe and 
useful to the organism. Based on the finding of such a characteristic property, the inventors thought that for uses which 
so did not require the sustained action of drugs, such as extracorporeal circulation and surgical operation, the creation of 
highly active peptide compounds having structures as similar to native peptides as possible was important for the devel- 
opment of platelet aggregation-inhibiting agents having few or no side effects. As a result of the intensive studies the 
inventors conducted, they developed novel peptides as described in KOKAI Nos. Hei 4-23864, Hei 5-203962, Hei 6- 
139107 and Hei 6-235745. 

55 There are also reports on so-called peptidomimetics in which peptide structures containing more or less native 
amino acids were further derrvatized and/or modified as described in KOKAI No. Hei 3-248808, W093/1 6697, 
EP0503548, EP0502536, WO93/08181, WO93/08174, W093/D7867, WO94/08577, EP0445796 and EP0505868. 
In general, compounds having chemical structures stable in vivo are required to develop drugs that need a sus- 
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tained action. In the case of oral drugs, the stability and bioavailability of compounds in digestive tracts must also be 
taken into consideration. Peptides are generally unsuitable for such drugs of long lasting action because of their low sta- 
bility. 

EP445796 discloses acetic acid derivatives having p-alanine residues which have a platelet thrombus formation- 
5 inhibiting action. The inventors have been developed independently acetic acid derivatives having a p-alanine residue 
or mono-substituted p-alanine residue. However, these compounds do not have a sufficiently high biological activity to 
be used for practical purposes and the development of compounds having a higher biological activity has therefore 
been desired. 

An object of the present invention is to provide novel compounds that antagonize the action of fibrinogen receptors 
10 and which have a high platelet aggregation-inhibiting activity, in vivo stability and high bioavailability, as well as novel 
pharmaceutical preparations comprising the compounds as active ingredient. 

DISCLOSURE OF THE INVENTION 

is As a result of the various studies made to solve the aforementioned problems, the inventors have found that p- 
amino acid derivatives having two lower alkyi groups at the a position show a high platelet aggregation-inhibiting activity 
and a high blood coagulation-inhbiting activity and that the physiological activities of the p-amino acid derivatives can 
be increased by modification of the derivatives at the p position, Based on these findings, the inventors have accom- 
plished the present invention. 

20 The present invention provides compounds of the following general formula (I) and pharmaceutical ly acceptable 
salts thereof: 



25 



30 




35 

wherein A is a tertiary amine; 

R3 is hydrogen, a lower alkyl, lower aikenyl, lower alkynyl, ar(lower)alkyl or aryl; 

R 4 is hydrogen, a lower alkyl* tower aikenyl, lower alkynyl, hydrcKy(lower)alkyt, nitrooxy(lower)alkyl, 
nrtrosooxy(lcwer)alky1, amino(lower)alkyt or heterocycle-substituted lower alkyl; an ar(lower)alkyl, ar(lower)alkenyl 

40 or ar(lower)alkyny1 the aryl moiety of which may have a lower alkyl, halogen, nrtro, amino, carboxyt, 
hydroxy(lower)alkyl, hydroxyl or protected hydraxyl; an aryl or heterocyclic group which may have a lower alkyl, hal- 
ogen, nitro, amino, carboxyl, hydroxy (lcwer)alkyl, hydroxyl or protected hydroxyl; a cycloalkyl with a 3-6 membered 
ring the ring moiety of which may have a lower alkyl, halogen, nitro, amino, carboxyt, hydroxy(lower)alky1, hydroxyl 
or protected hydroxyl, or a lower alkyl, lower alkynyl or lower aikenyl which are substituted with the cycloalkyl; or a 

45 lower alkyloxy; 

P and Q are each independently a lower alkyl, or when combined together, form a cycloalkyl with the adjacent car- 
bon atom; 

R 5 is hydrogen or a physiologically cleavable carboxyl-protecting group; 
X is nitrogen or CH; 

so Y 1 and Y 2 are each independently hydrogen, a lower alkyl, halogen, hydroxyl, lower alkoxy, lower acyloxy, acyl, 
cabcxyt, lower alkoxycarbonyl, nitro or trif luoromethyl; and 
m is an integer of 0 to 2. 

In general formulation (I), A may be a cyclic tertiary amine including, for example, a tertiary amine represented by 
55 the following general formula (II), (III) or (IV): 
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B (CH^nj ((CH2)n r CH=CH-(CH2)n 4 )n 3 

"V / \ / | 

h — * z n — ^ or z M 

\ / \ 



*2 

(GHj) ni (CH2)n 2 

(in (in) (iv) 



wherein R 1 and Rg are each independently a tower alkyl, lower alkenyl, lower alkynyl, ar(lower) alkyl or aryl; 
Z is oxygen, sulfur, 



/ / . 



20 carbon having hydrogen, a lower alkyl, lower alkenyl, lower alkynyl, ar(lower)alkyl, hydroxyl or substituted hydroxyl, 
amino or substituted amino, nitro, nrtrooxy, nrtrosooxy, halogen, thiol or substituted thiol, or aryl as its side chain; or 
nitrogen having hydrogen, a lower alkyl* lower alkenyl, lower alkynyl, ar(lower)alkyl, hydroxyl or substituted 
hydroxyl, amino or substituted amino, nitro, nitroso or aryl as its side chain; 
nj , ri2 and n 4 are each independently an integer of 0 to 6 and r>3 is an integer of 1 to 3. 

25 

In general formula (I), P and Q may be both methyl. 

In general formula (I), it is preferred that P and Q be both methyl, m be 1 and X be CH. 

The present invention further provides pharmaceutical preparations comprising the aforementioned compounds or 
pharmaceutical^ acceptable salts thereof as active ingredient which can be used as agents for inhibiting platelet aggre- 
30 gation, blood coagulation during extracorporeal circulation or reocclusion of coronary arteries 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows time course of the concentration of the compound of Example 4 in blood after oral administration. 

BEST MODE FOR CARRYING OUT THE INVENTION 



35 



In the compounds of the present invention, the a and p positions mean the 2 and 3 positions, respectively, of a p- 
alanine residue, that is, 3-aminopropionic acid residue. 
40 Suitable examples and explanation of various definitions involved in the scope of the present invention will be 
described below. 

Unless otherwise indicated, the term lower means groups having 1-10 carbon atoms, preferably 1-6 carbon 
atoms, and more preferably 1-3 carbon atoms. 

In general formula (I), the tertiary amine represented by A may be a cyclic or non-cyclic tertiary amine, for example, 
45 a tertiary amine represented by the following general formula (II), (III) or (IV): 

n (CH^nj ((CH2)n r CH»CH.(CH2) n4 )n 3 

"V / \ / | 

so % \ - or z _ N 

*2 



\ / \ 



(CH^nj (CH^nj 
(II) (ffl) (IV) 
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wherein R 1 and R 2 are each independently a lower alkyl, lower alkenyl, lower alkynyl, ar(lower) alkyl or aryl which 
may have a hydroxyl. amino, nftro, nrtrooxy, nrtrosooxy, halogen or alkoxy such as methoxy on its side chain; 
Z is oxygen, sulfur. 




carbon having hydrogen, a lower alkyl, lower alkenyl, lower alkynyl, ar(lower) alkyl, hydroxyl or substituted hydroxyl, 
amino or substituted amino, nitro, nrtrooxy, nrtrosooxy, halogen, thiol or substituted thiol, or aryl on its side chain; or 
nitrogen having hydrogen, a lower alkyl, lower alkenyl, lower alkynyl, ar(lower)alkyl, hydroxyl or substituted 
hydroxyl, amino or substituted amino, nitro, nitroso or aryl on its side chain; 
is n 1 , ng and n 4 are each independently an integer of 0 to 6 and rvj is an integer of 1 to 3. 

Preferred examples of the lower alkyl" for R 1 and R2 may include C1-10 straight-chain, branched-chain or cyclic 
alkyfs such as methyl, ethyl, propyl, isopropyl, cydopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl, cyclopentyl, iso- 
hexyl, cyclohexyl, heptyl, 5-methylhexyl, cydoheptyl, octyl, 6-methyiheptyl. nonyl, 7-methyloctyl, decyl and 8-methylno- 

20 nyl. Considering steric hindrance, C1 -A alkyls are preferred. 

Preferred examples of the "lower alkenyl" for R 1 and R2 indude C2-10 straight- or branched-chain alkenyls such as 
vinyl and propenyl. Considering steric hindrance, C2-4 alkenyls are preferred. 

Preferred examples of the "lower alkynyl" for Rj and R 2 indude C2-10 straight- or branched-chain alkynyls such as 
ethynyl, propynyl and butynyl. Considering steric hindrance, C2-4 alkynyls are preferred. 

25 Preferred examples of the "ar(lower) alkyl" for B A and R2 indude phenylalkyis such as benzyl and phenethyl; and 
those alkyls having an aromatic heterocyde such as pyridyl and furyl. In these cases, the aryl moiety such as phenyl 
may have a lower alkyl, hydroxy (lower)alkyl or hydroxyl, where the hydroxyl indudes a protected hydroxyl. The lower 
alkyl in the ar(lower)alkyl and hydroxy(lower)alkyl is preferably a C1-3 alkyl having small steric hindrance. Preferred 
examples of the protective groups in the "protected hydroxyl" indude ar(lower)alkyls such as benzyl, phenethyl and 

30 trityl; lower aikyts such as methyl, ethyl, propyl, isopropyl and tert-butyl; acyte such as acetyl and benzoyl; nitro, nitroso, 
tetrahydropyranyl and methoxymethyl. Preferred examples of the ar(lcwer)alkyl indude phenyl, benzyl, 4-hydroxyben- 
zyl and 4-hydraxymethyIbenzyl. 

Preferred examples of the "aryl" for R 1 and Rg indude phenyl; aromatic heterocydes such as pyridyl, furyl, thi- 
ophene, axazolyl and thiazolyl; and condensed polycydic hydrocarbons such as naphthyl and anthranyl. In these 

35 cases, the aromatic ring may be substituted with at least of the substituents consisting of a lower alkyl, 
hydroxy(lower) alkyl, hydroxyl and protected hydroxyl. In general, the aromatic ring is suitable for the present invention 
because it takes on a planar structure and thereby has small steric hindrance and high hydrophobic property. Phenyl or 
pyridyl is a preferred aromatic ring. The lower alkyl per se or the lower alkyl in the hydroxy(lower)alkyl as a substrtuerrt 
on the aromatic ring is preferably a C1 -3 alkyl having small steric hindrance, such as methyl, ethyl or propyl. 

40 Preferred examples of the "lower alkyl" when Z is carbon or nitrogen indude C1-10 straight-chain, branched-chain 
or cydic alkyls such as methyl, ethyl, propyl, isopropyl, cydopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl. 
cydopentyl, isohexyl, cydohexyl, heptyl, 5-methylhexyl, cydoheptyl, octyl, 6-methyiheptyl, nonyl, 7-methyloctyt, decyl 
and 8-methytnonyl. Considering steric hindrance, C1-6 alkyls are preferred. 

Preferred examples of the "lower alkenyl" when Z is carbon or nitrogen indude C2-1 0 straight- or branched-chain 

45 alkenyls such as vinyl and propenyl. Considering steric hindrance, C2-6 alkenyls are preferred. 

Preferred examples of the lower alkynyl" when Z is carbon or nitrogen indude C2-10 straight- or branched-chain 
alkynyls such as ethynyl, propynyl and butynyl. Considering steric hindrance, C2-6 alkynyls are preferred. 

Preferred examples of the "ar(lower) alkyl" when Z is carbon or nitrogen indude phenylalkyis such as benzyl and 
phenethyl; and those alkyls having an aromatic heterocyde such as pyridyl and furyl. In these cases, the aryl moiety 

so such as phenyl may have a lower alkyl, halogen, hydroxy (lower)alkyl or hydroxyl, where the hydroxyl indudes a pro- 
tected hydroxyl. The lower alkyl in the ar(lower)alkyl and hydroxy (lower)alkyl is preferably a C1-3 alkyl having small 
steric hindrance. Preferred examples of the protective groups in the "protected hydroxyl" indude ar(lower)aIkyls such 
as benzyl, phenethyl and trityl; lower alkyls such as methyl, ethyl, propyl, isopropyl and tert-butyl; acyts such as acetyl 
and benzoyl; nitro, nitroso, tetrahydropyranyl and methoxymethyl. Preferred examples of the ar(lower)alkyl indude phe- 

55 nyl, benzyl, 4-hydroxybenzyl and 4-hydroxymethylbenzyl. 

Preferred examples of the "aryl" when Z is carbon or nitrogen indude phenyl; aromatic heterocydes such as pyri- 
dyl, furyl, thiophene, oxazolyl and thiazolyl; or condensed polycydic hydrocarbons such as naphthyl and anthranyl. In 
these cases, the aromatic ring may be substituted with at least one of the substituents consisting of a lower alkyl, hal- 
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ogen, hydroxy (lower)alkyl , hydroxy! and protected hydroxy!. In general, the aromatic ring is suitable for the present 
invention because it takes on a planar structure and thereby shows small steric hindrance and hig^i hydrophobic prop- 
erty. Phenyl or pyridyl is a preferred aromatic ring. The lower alkyl per se or the lower alkyl in the hydroxy(lower)alkyl as 
a substituent on the aromatic ring is preferably a C1-3 alkyl having small steric hindrance, such as methyl, ethyl or pro- 
pyl. 

Preferred examples of the substituent of the "substituted hydroxy!" when Z is carbon or nitrogen include an 
ar(lower)alkyl such as benzyl, phenethyl and trrtyl; a lower alkyl such as methyl, ethyl, propyl, isopropyl and tert-butyl; 
an acyl such as acetyl and benzoyl; nrtro, nrtroso, tatrahydropyranyl and methoxymethyl. 

Preferred examples of the substituent of the "substituted amino" when Z is carbon or nitrogen include an 
ar(lower)alkyl such as benzyl, phenethyl and trrtyl; a lower alkyl such as methyl, ethyl, propyl, isopropyl and tert-butyl; 
an acyl such as acetyl and benzoyl; a carbamate such as benzylaxycarbonyl and methoxycarbonyl; and nrtroso. 

Preferred examples of the substituent of the "substituted thiol" when Z is carbon include an ar(lower)alkyt such as 
benzyl, phenethyl and trrtyl; a lower alkyl such as methyl, ethyl, propyl, isopropyl and tert-butyl; and nrtroso. 

Preferred examples of the "halogen" when Z is carbon include chlorine, fluorine and bromine. 

n 1 , ri2 and n 4 are each independently an integer of 0 to 6, and preferably 1 to 3. rv^ is an integer of 1 to 3, and most 
preferably 1. 

The lower alkyl" for R 3 includes C1 -10 straight- and branched-chain alkyls and cyclic alkyls such as methyl, ethyl, 
propyl, isopropyl, cyclopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl, cydopentyl, hexyt, isohexyl, cyclohexyl, hep- 
tyl, 5-methylhexyl, cycloheptyl, octyl, 6-methylheptyl, nonyl, 7-methyloctyl, decyl and 8-methytnonyl. Considering steric 
hindrance, C1 -6 alkyls are preferred. Straight-chain alkyls are preferred to branched-chain and cyclic ones. 

The lower alkenyT for R3 includes C2-10 straight- and branched-chain alkenyls such as vinyl and propenyl. Con- 
sidering steric hindrance, C2-6 alkenyls are preferred. 

The lower alkynyl" for R3 includes C2-10 straight- and branched-chain alkynyls such as ethynyl, propynyl and buty- 
nyl. Considering steric hindrance, C2-6 alkynyls are preferred. 

The M ar(lower)alkyl" for R3 includes phenylalkyl such as benzyl and phenethyl. In this case, the aryl moiety such as 
phenyl may have a lower alkyl, hydroxy(lower)alkyl or hydroxy!, where the hydroxy! includes a protected hydroxy!. The 
lower alkyl in the ar(lower)alkyl and hydroxy(lower)alkyl is preferably a C1-3 alkyl having small steric hindrance. The 
protective groups in the protected hydroxy!" include ar(lower)alkyls such as benzyl, phenethyl and trrtyl, lower alkyls 
such as methyl, ethyl, propyl, isopropyl and tert-butyl, acyts such as acetyl and benzoyl, nrtro, nrtroso, as well as tetrahy- 
dropyranyl and methoxymethyl. Preferred examples of the ar(lower)alkyl include phenyl, benzyl, 4-hydroxybenzyl and 
4-hydroxymethytbenzyl. This is also the case in the following description. 

The "aryl" for R3 includes phenyl and condensed potycycfic hydrocarbons such as naphthyl and anthranyi. In this 
case, the aromatic ring may be substituted with at least one of the substituents consisting of a lower alkyl, 
hydroxy(lower)alkyl, hydroxy! and protected hydroxy!. In general, the aromatic ring is suitable for the present invention 
because it takes on a planar structure and thereby shows small steric hindrance and high hydrophobic property. Phenyl 
is a preferred aromatic ring. The lower alkyl per se or the lower alkyl in the hydroxy (lower)a!kyl as a substituent on the 
aromatic ring is preferably a C1-3 alkyl having small steric hindrance such as methyl, ethyl or propyl. 

In general formula (I), the total number of carbon atoms of the substituents represented by R4, P and Q is preferably 
2-20 for the purpose of improved molecular stability and hydrophobic property. 

The 'lower alkyl" for R4, P and Q includes C1-10 straight- and branched-chain alkyls, and cyclic alkyls such as 
methyl, ethyl, propyl, isopropyl, cyclopropyl, butyl, isobutyl, tert-butyl, pentyl, isopentyl, cydopentyl, hexyl, isohexyl, 
cyclohexyl, heptyi, 5-methylhexyl, cycloheptyl, octyl, 6-methylheptyl, nonyl, 7-methyloctyl, decyl and 8-methylnonyl. 
Considering steric hindrance, C1 -6 alkyls are preferred. Straight-chain alkyls are preferred to branched chain and cyclic 
ones. In particular, both P and Q are preferably methyl. 

P and Q may be combined together to form a cycloalkyl with the adjacent carbon atom. Examples of the cycloalkyl 
include cycloalkyls with a 3-8 member ed ring. Considering steric hindrance, a cycloalkyl with a 3-6 membered ring is 
preferred. 

The 'lower alkenyT for R 4 includes C2-10 straight- and branched-chain alkenyls such as vinyl and propenyl. Con- 
sidering steric hindrance, C2-6 alkenyls are preferred. 

The 'lower alkynyl "for R 4 includes C2-10 straight- and branched-chain alkynyls such as ethynyl, propynyl and buty- 
nyl. Considering steric hindrance, C2-6 alkynyls are preferred. 

The lower alkyl moiety of the hydroxy(lower)alkyl, nrtroaxy (lower)alkyl or nitrosooxy(lower)alky1 for R4 includes C1 - 
10 lower alkyls. Preferred are C1-6 alkyls. Examples of the hydroxy(lower)alkyl include hydroxymethyt. 1-hydroxyethyl, 
2-hydroxyethyl and 3-hydroxypropyl. Preferred examples of the nrtrooxy(lower)a!kyl include 1-nrtrooxy ethyl. Preferred 
examples of the nrtrosoQxy(lower)alkyl include 1-rwtrosooxyethyi. 

The lower alkyl moiety of the m amino(lower)alkyT for R 4 includes C1-10 lower alkyls. Preferred are C1-6 alkyls. 
Examples of the amino(lower)alkyl include aminomethyl, 1-aminoethyl, 2-aminoethyl, 3-aminopropy! and piperidine. 
The amino group in the amino(lower)aikyl may be modified with an alkyl. Preferred examples of the modified case 
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include 1-N,N-dimethylaminomethyl, 2-N,N-dimettylaminoethyl, 3-N t N-<fimethylaminopropyl, 1 -N, N-diethyfamino- 
methyl, 2-N.N-diethylaminoethyl and 3-N p N-diethylamincpropyl. 

The m heterocyde-substrtuted lower alkyl " for R4 includes lower alkyls substituted with a 5-6 membered heterocycle 
containing at least one hetero atom such as nitrogen. Preferred examples include piperidine(lower)alkyls such as pip- 

5 eridinemethyl and piperidineethyl, and piperazine(lower)aIkyls such as piperazinemethyl and piperazineethyl. The het- 
erocycle-substituted lower alkyl also includes lower alkyls substituted with an unsaturated condensed heterocycle 
containing at least one hetero atom such as nitrogen. Preferred examples include pyridine(lower)alkyls such as pyrid- 
inemethyl and pyridineethyl, and indole(lower)alkyls such as indolemethyl and indoleethyl. 

The m ar(lower)alkyl" for R4 includes phenylalkyls such as benzyl and phenethyl. In this case, the aryl moiety such 

10 as phenyl may have lower alkyl, halogen, nitro, amino, carboxyl, hydroxy(lower)alkyl, hydroxy! or protected hydroxy!. 
The lower alkyl per se or the lower alkyl in the hydraxy(lower)alkyl is preferably a C1-3 alkyl having small steric hin- 
drance such as methyl, ethyl or propyl. Specific examples include benzyl, phenethyl and phenytpropyl which may have 
methyl, ethyl, propyl, isopropyl, butyl, chloro, fluoro, methoxy, ethyoxy, hydroxy, hydroxymethyl, amino, carboxyl, nitro or 
dimethyl amino independently as substftuents at the o, p and/or m positions. Preferred are benzyl, phenethyl, phenyl - 

15 propyl, 4-hydroxybenzyl, 3-hydroxybenzyl, 4-methoxybenzyl, 4-fluorobenzyl, 4-chlorobenzyl, 4-hydroxyphenethyl, 3- 
hydroxyph en ethyl, 4-methoxyph en ethyl, 44luorophenethyl and 4-chlorophenethyl. 

The m ar(lower)alkenyl" for R4 includes phenylalkenyls such as dnnamyl and styryl. In this case, the aryl moiety 
such as phenyl may have a lower alkyl, halogen, nitro, amino, carboxyl, hydroxy(lower)alkyl, hydroxy! or protected 
hydroxy!. The lower alkyl per se or the lower alkyl in the hydroxy(lower)alkyl is preferably a C1 -3 alkyl having small steric 

20 hindrance such as methyl, ethyl or propyl. Specific examples include drmamyl and styryl which may have methyl, ethyl, 
propyl, isopropyl, butyl, chloro, fluoro, methoxy, ethyoxy, hydroxy, hydroxymethyl, amino, carboxyl, nitro or dimethyl- 
amino independently as substituents at the o, p and/or m positions. Preferred are dnnamyl, styryl, 4-hydraxytinnamyl, 
3-hydroxydnnamyl, 4-methoxycinnamyl, 4-fluorocinnamyl, 4-chlorocinnamyt, 4-hydroxystyryl, 3-hydraxystyryl, 4-meth- 
axystyryl, 4-fluorostyryl and 4-chlorostyryl. 

25 The m ar(lower)alkynyl" for R4 includes phenylalkynyls such as phenylethynyl and phenytpropynyl. In this case, the 
aryl moiety such as phenyl may have a lower alkyl, halogen, nitro, amino, carboxyl, hydroxy (lowerjalkyl, hydroxy! or pro- 
tected hydroxy!. The lower alkyl per se or the lower alkyl in the hydroxy (lower)alkyf is preferably a C1-3 alkyl having 
. small steric hindrance such as methyl, ethyl or propyl. Specific examples include phenylethynyl and phenytpropynyl 
which may have methyl, ethyl, propyl, isopropyl, butyl, chloro, fluoro, methoxy, ethyoxy, hydroxy hydroxymethyl, amino, 

30 carboxyl, nitro or dimethylamino independently as substituents at the o, p and/or m positions. Preferred are phenylethy- 
nyl, phenytpropynyl, 4-hydroxyethynyl, 3-hydroxyethynyl, 4-methoxyethynyl, 4-fluoroethynyl, 4-chloroethynyl, 4-hydrox- 
ypropynyl, 3-tiydroxypropynyl, 4-methoxypropynyl, 4-fluoropropynyl and 4-ch!oropropynyl. 

The m aryl" for R 4 includes phenyl and condensed polycydic hydrocarbons such as naphthyl and anthranyl. In this 
case, the aromatic ring may be substituted with a lower alkyl, halogen, nitro, amino, carboxyl, hydroxy(lower)alkyl, 

35 hydroxy! or protected hydroxyl. In general, the aromatic ring is suitable for the present invention because it takes on a 
planar structure and thereby shews small steric hindrance and high hydrophobic property. Phenyl is a preferred aro- 
matic ring. The lower alkyl per se or the lower alkyl in the hydroxy(lower)alkyt as a substrtuent on the aromatic ring is 
preferably a C1-3 alkyl having small steric hindrance such as methyl, ethyl or propyl. 

The "heterocycle" for R4 includes any heterocyclic functional groups. Specific examples include pyridyl, fury!, pyr- 

40 rolyl, thiophene, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, tetrazolyl, triazolyi. indolyl, benzothiazolyl. benzimidazolyl, 
benzoxazolyl, coumaryl, carbazolyl, pyranyl, pyronyl, quinotyl, isoquinolyl, pyrimidyl, pyrazinyl, piperidyl, piperazyl and 
tetrahydrofuryl. In this case, the heterocycle may be substituted with a lower alkyl, halogen, nitro, amino, carboxyl, 
hydroxy(1ower)alkyl, hydroxyl or protected hydroxyl. The lower alkyl per se or the lower alkyl in the hydroxy(lower)alkyl 
is preferably a C1 -3 alkyl having small steric hindrance such as methyl, ethyl or propyl. Preferred examples of the net- 

45 erocycle include pyridyl. pperidyl and furyl. 

The lower alkyl moiety of the "lower alkyl substituted with a cycloalkyl having a 3-8 membered ring" for R4 includes 
C1 -10 alkyls. Preferred are C1-3 alkyls. The lower alkyl substituted with a suitable cycloalkyl includes cyclohexylmethyl, 
cyclopentyl methyl, cyclohexylethyl, cydopentylethyl, cyclohexylpropy! and cydopentytpropyl. The ring moiety of the 
lower alkyl substituted with a cycloalkyl having a 3-8 membered ring may have a lower alkyl, halogen, nitro, amino, car- 

50 boxyl. rrydraxy(lower)alkyl, hydroxyl or protected hydroxyl. The lower alkyl per se or the lower alkyl in the 
hydroxy(lower)alkyl is preferably a C1 -3 alkyl having small steric hindrance such as methyl, ethyl or propyl. More spe- 
cifically, preferred are 4-hydroxycyclohexylmethyl, 3-hydroxy-cyclohexylmethyl, 4-methoxycyclohexylmethyl, 4-f luorocy- 
dohexylmethyl, 4-chlorocydohexylmethyl, 3-hydraxycydopentylmethy!, 3-methoxycydopentyl-rrtethyl. 3- 
fluorocydopentylmethyl, 3-chloroc^do-pentyl methyl, 4-hydroxycydohexylethyl, 3-hydroxy-cydohexylethyl, 4-methoxy- 

55 cydohexylethyl, 4-fluoro-cydohexylethyl, 4-chlorocydohexylethyl, 3-hydroxy-cydopentylethyl, 3-methoxycyctoperrtyle- 
thyl, 3-fluorocydopentyl ethyl, 3-chlorocydopentyl ethyl, 4-hydroxycydohexytpropyl, 3-hydroxycydohexylpropyl, 4- 
methaxycydohexylpropyl , 4-fluorocydohexylpropyl, 4-chlorocydohexylpropyl, 3-hydroxycydopentylpropyl, 3-methoxy- 
cydopentylpropyl, 3-fluorocyclopentyt-propyl and 3-chlorocyclopentylpropyl. 
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The lower alkynyl moiety of the 'lower alkynyl substituted with a cycloalkyl having a 3-8 membered ring" for R4 
includes C1-10 alkynyls. Preferred are C2-3 alkynyls. The cycloalkyl(tower)aJkynyl includes cyclohexylethynyl and 
cyclohexylpropynyl. 

The ring moiety of the lower alkynyl substituted with a cycloalkyl having a 3-8 membered ring may have a lower 
aikyt, halogen, nitro, amino, carboxyl, hydroxy (lowerjalkyl, hydroxyl or protected hydroxy!. The lower alkyl per se or the 
lower alkyl in the hydroxy(lower)alkyi is preferably a C1-3 alkyl having small steric hindrance such as methyl, ethyl or 
propyl. More specifically, preferred are 4-hydroxycyclohexylethynyl, 3-hydroxycydohexyl-ethynyl, 4-methoxycydohexy- 
lethynyl, 4-fluorocyclo-hexylethynyl, 4-chlorocydohexylethynyl, 3-hydroxy-cyclopentylethynyl, 3-methoxycy- 
dopentylethynyl, 3-fluorocyclopentylethynyl, 3-chkxocyclopentylethynyl, 4-hydroxycyclohexylpropynyl, 3- 
hydroxycyclohexyi-propynyl, 4-methoxycydohexytpropynyl, 4-fluorocydohexylpropynyl, 4-chlorocydohexy!propynyl, 3- 
hydroxycyclopentylpropynyl , 3-methoxycyclopentylpropynyl, 3-fluorocyclopentyfpropynyl and 3-chlorocydopentylpro- 
pynyl. 

The lower alkenyl moiety of the "lower alkenyl substituted with a cycloalkyl having a 3-8 membered ring" for R4 
includes C1-10 alkenyls. Preferred are C2-3 alkenyls. The cydoa!kyl(lower)alkenyl includes 2-cydohexyrvinyl, 2- 
cydopentyrvinyl, 3-cydohexyl-2-propenyl and 3-cydcpentyl-2-prcpenyl. The ring moiety of the lower alkenyl substituted 
with a cycloalkyl having a 3-8 membered ring may have a lower alkyl, halogen, nitre, amino; carboxyl, 
hydroxy(lower)alkyl, hydroxy! or protected hydroxy!. The lower alkyl per se or the lower alkyl in the hydroxy(lower)aJkyl 
is preferably a CI -3 alkyl having small steric hindrance such as methyl, ethyl or propyl. More specifically, preferred are 
2-(4-hydroxy) -cyclohexytviny! , 2-(3-hydraxy)-cyclohexylviny!, 2-(4-methaxy)-cyclohexyrvinyl, 2-(4-fluoro)-cyclohexyrvi- 
nyl, 2-(4-chk>ro)-cyclohexylvinyl l 2-(3-hydraxy)-cyclopentylvinyl, 2-(3-methoKy)-cyclopentyrvinyl, 2-(3-fluoro)- 
cydopentylvinyl, 2-(3-chloro)-cyclopentylvinyl, 3-(4-hydrcxy)-cydohexyi-2-propeny!, 3-{3-hydroxy)-cydohexy!-2-prope- 
nyl, 3-(4-methoxy)-cyclohexyl-2-propenyl, 3-(4-fluoro)-cydohexyl-2-propenyl, 3-{4-chloro)-cydohexyl-2-properryl, 3-{3- 
hydroxy)-cydopentyl-2-propenyl, 3-(3-methoxy)-cydopentyl-2-propenyl, 3^3-fluoro)-cycloperTtyl-2-propenyl and 3-(3- 
chloro)-cydopentyt-2-propenyl. 

The lower alkyl moiety of the lower alkyloxy" for R4 indudes C1-10 lower alkyls. Preferred are C1-6 aJkyte. The 
lower alkyloxy indudes methoxy, ethoxy, propoxy, isopropoxy, butoxy and isobutoxy. 

The "physiologically deavable carboxyl-protecting group" for R 5 indudes any carboxyl-protecting groups which are 
known to be physiologically deavable. Specific examples indude protective groups which protect the carboxyl group in 
binding modes as described in "Development of Medidnes", vol. 13, "Drug Delivery", p. 116, Table 229, Jin Sezaki ed., 
Hirokawa Shoten, 1989, July. Examples of the protective groups are alkoxy groups capable of forming esters such as 
methyl esters, ethyl esters, propyl esters, isopropyl esters and butyl esters, amino acid residues having a free amino 
group, protected amino acid residues thereof and 1 -acyloxyalkoxides. In particular, ethoxy, propoxy, isopropoxy, butoxy 
and acyloxymethoxy are preferred. 

X is nitrogen or CH and preferably CH. 

Yj and Y 2 are each independently the atom or group, as defined above, preferably H or halogen. The "lower alkyl" 
for Y 1 and Y 2 is preferably a C1 -3 alkyl having small steric hindrance, La, methyl, ethyl or propyl. The "halogen" for Y 1 
and Y 2 is preferably fluorine or chlorine. The "lower alkoxy" for and Y 2 includes methoxy and ethoxy. Preferred is 
methoxy having small steric hindrance. The lower acyloxy" for Y 1 and Y 2 indudes acetoxy, propionyloxy and benzoy- 
laxy. Preferred is acetoxy having small steric hindrance. The "acyl" for Y 1 and Y 2 indudes formyl, acetyl, propkxiyl and 
benzoyl. Preferred is acetyl. The "lower alkaxycarbonyl" for Y 1 and Y 2 indudes methoxycarbonyt, ethoxycarbonyl, pro- 
poxycarbonyt and butoxy carbonyl. Preferred are methoxycarbonyl and ethoxycarbonyl. Preferred examples are 2- 
methyl, 3-methyl, 2-chloro, 2,6-dichloro, 2-fluoro, 2,6-difluoro, 2-hydroxy, 2-methoxy, 2-acetoxy, 2-acetyl, 2-benzoyl, 2- 
carboxyl, 2-methoxycarbonyl , 2-nitro, 3-nitro and 2-trifluoromethyl. 

m is an integer of 0 to 2 and most preferably 1. 

Among the compounds of general formula (V). compounds of the following general formula (II) wherein P and Q 
are both methyl, m is 1 and X is CH are preferred: 
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wherein A, Y 1 , Y 2 , R3, R4 and R 5 are as defined above. 

Preferred examples of the compounds of general formula (I) are ethyl N-(N-(4-(4-morpholinoimidoyQbenzoyl-p- 
ethyl^,a-dimethyl-p-alanyi)-4-piperidineacetate, N-{N-(4-(4-rrorpho!inoimidGy0ben^^ 
4-piperidineacetic acid, ethyl NKN^4^4-morphoiinoimktoy^ 

s ineacetate, N-(N-(4-(4-mcHpholinoimidoyi)-2-fluor^ acid, 
ethyl NKN-(4^N,N4iethylaminointick^ N-{N-{4- 
(N,N^ie%larninoimidoyO-24lu^^ acid, ethyl N-(N-(4-(1-pip- 

erkiinoimidoyl)"2-fluorobenzoyl)-P"ethyl-a,a- dimethyl-p-alanyl)-4-piperidineacetate ( N-(N-(4-(1 -piperidinoimidoyl)-2- 
fluorobenzoyl)-p~ethyta,a<lim^^ acid, ethyl N-(N-(4-(1 -pyrriIkJinoimidoyO-2^luoroben- 

10 zoyO-p-ethyl^aKJim^hyl-p-alanylJ^iperidineacetate, N-(N-(4-(1-pyrrolidinoimidoyl^ 
dimetfiyl-p-alanyO-4-piperidineacetic acid, ethyl N-(N-<4-{1^iaperidonoimidc^)^ 
p-alanyl)-4-piperidineacetate r N-(N-(4-(1 -4^peridonoimidoyl)-24luorobenz^ 
dineacetic acid, ethyl N-(N-(4-(4-hydroxy-1-piperidirK>imti^ 
dineacetate, N-(N-(4-(4-hydroxy-1 -piperidiroimkjoyl)-2-fluorobenzcyO-p-ethyl 

is acid, ethyl N-(N-(4-(3-thiazolidinoimidoyf^ n^n_(4_ 
(3-thiazolidinoimick>yl)-2-fluCT^ ethyl N-(N-(4-(1-hexam- 

ethyleneinmnoimkloyO-24luorobenzoyl)-p-ethyl^,a<limethyl-p-al N-(N-(4-(1 -hexamethylene- 

iminoimidoyQ-2-ftuoro^ acid, ethyt N-{N-(4-(N- 

thiomorpholinoimidoyQ-2^luorobenzoyO-p-eth^ N-(N-(4-(N-thiomorpholi- 

20 noimidoyl>2-fluorobenzoy)-p-e^ acid, ethyl N-(N-(4-(4-methyM -piperazi- 

noimidoyl)-2-f luwobenzoyQ-p^ N-(N-(4-(4-methyl-1 - 

piperazinoimktoyQ-2-fluorol^ acid, ethyl N-(N-(4-(4-phenyl-1 - 

piperazino)imidoyQ-24luorober^ N-(N-(4-(4-phenyl-1 -piperazi- 

rx)imidoyl)-2-fluorobenzoyO-p-ethyl-^ acid, ethyl N-(N-(4-(4-(44luorophenyl)-1- 

25 piperazinoimktoyQ^^tuorobenzoyO N-{N-(4-{4-{4-f luorophenyl)-1 - 

piperazinoimkioyO-2-ftuorobenzo^ acid, benzyl Nn[N-(4-(4-morpholi- 

rx>imidoyl)benzcyl-Pi>henyl^aKJimethyJ-p-alan^ N-(N-(4^4-moiphdinoimidoyObenzoyi-p-phe- 
nyl-a,a-dimethyl-p-alanyl}-4-piperidineacetic acid, methyl N-{N-(4-{1-pyrrolidirTOimidoyl)-2-flu^ 
dimethyl -p-alanyl)-4-pjperidineacetate, N^NK4-(N-tetrahydroisoquinolinoimkJoyQ-24luo^ 

30 thyl-p-alanyO -4-piperidineacetic acid, N-(N-(4-{4-phenyM ^eradirK>irrudoyO-2-f luorobenzoyl)-p-(m- hydroxyphenyl)- 
a,a-dimethyl-p-alanyl)-4-piperidineacetic acid, N-(N-(4-(4-f luoro-1 -piperidineimicloyO-24luorobenzoyO-p-{3,5-diftuor- 
ophenyl)-a,a-dim^hyl-p-aIanyl)-4-piperidinacetic acid, NK^^dphenylaminoimick3yO-2-ftuw^ 
dimethyl-p-alanyl)-4-piperidineacetic acid, N-(N-(4-(N-indolylirrudoyl)-24luorob^ 
4-piperidineacetic acid, N-{N^4-phenyMi>iperazinoimidoyQ-2^ 

35 adineacetic acid. N-(N-(4-(4-{2-pyrimidyO-1^per^ 
4-piperidineacetic acid, N-(N-(4-(4-methyl-1-hoi^ 
nyl)-4-piperidineacetic acid, N-(rH4-(N-(4,4'<Jipiperidino)imi^^ 
acetic acid, N-(N-(4-(4-(3-trifluorophenyl)-1 -piperazinoirrtf oyQ-24luorober^^ 
pipericfineacetic acid, rHN-(4^4^2<iuinolyO-1^iperazinoimidoyi)-2-methoxybenzoyO 

40 4-pyperidineacetic acid, N-(N-(4-(N-(3-hydroxypyrroltf 

pipericfineacetic acid, N-(N-(4^N^s^,4<fihydraxypyrn>lidinoimkfc>y^ 

nyl)-4-piperidineacetic acid, N-(N-(4-(N-3-hydraxypiperidira^ ethyl -a,a-dimethy1-p-alanyl)-4- 

piperidineacetic acid, N-(NK4XN-ra-3,4-dihydroxypiperidinoimti 

pipericfineacetic acid, N-(N-(4-(N-(4-(methylamino)pipe^ 
45 pipericfineacetic acid, N-(N-(4-(N-methylpipeconylim^ 

acetic acid, N-(N-{4-(N-metriylnipecotiny1imkj^ 

acid, N-(N-(4-(N-(2,2,6,6i>entamethylpiperidirK>)imidoyl)benz<^ 

acid, N-(N-(4-(1 -(1 ,4,8, 11 -tetraazacydotetradecanyf)imidoyl)-24luorobenz^ 

nyl)-4-piperidineacetic acid, N-(N-(4-(N-tebahydroisoquintf 
so p-alanyl)-4-piperidineacetic acid, N^N^4-(N<»xazolklinoyiimictoyO-2-fluorobenzo 

alanyl)-4-piperidineacetic acid, N-(N-(4^n^,5KJihydrcH>xazolffi 

alanyl)-4-piperidineacetic acid, N-(N-(4^N-thiazolydinoylimidoyO-2^^ 

eridineacetic acid, NK^4KN4.5-dihydro-thiazoridro m ethyl -a,a-dimethy1-p-alanyl)-4- 

pipericfineacetic acid, N-(N-(4-(N-3-rr^hoxy-pipertiinytimidoyO^^ 
55 ridineacetic acid, N-(N-(4-(1.2^ihydrD-triazinylimick^ 
acetic acid, N^N^4-18-<*cwn-6-nrK>rpholirx>im 

acid, N-(N-(4-(azetidinylimickjyO-24lw^ acid, N-(N-{4-(aze- 

tidinylimidoyQ-24luorobenzoyl)-p-et^^ acid, N-(N-(4-(2-hydroxy-piperidi- 
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nylimidoyf)benzoyO-p-ethyl-a,a<li acid, N-(N-(4-{N-imidazolylimidoyi)-2- 

fluorobenzoyO-p-ethyl^.aKJirnetriy^ acid, N^N^4-(N-imidaozoiyIirTiidoyl)-2-fluorobenzoyO- 

p-ethyl-a.a-dimethyl-p-alanyiJ-A-piperidineacetic acid, N-(N-(4-(1 ^4-hydroxypiperadinyOinrBdoyO-2-fluorobenzoyO-p- 
ethyl^,aKlimethyl-p^lany0^iJ¥>eridineacetic acid, N-(N-(4-(1-cis-3,4-dihydroxypyrro^^ 
p-ettTyl^,a<limethyi-p-alanyl)-4-piperidineacetic acid, N-(N-(4-(N-pynolidinylimido^ 
dimethyl-p-alanyi)-4-piperidineacetic acid and NKN^4-(N-3,4-dhydropynolidin^ 
dimethyl-p-alanyl)-4i)peridineacetic acid. 

The pharmaceutical ly acceptable salts of the compounds of the present invention are conventional non-toxic salts. 
Exemplary salts are salts with bases and acid addition salts including salts with inorganic bases such as alkaline metal 
salts (e.g., sodium salts and potassium salts), alkaline earth metal salts (e.g., calcium salts and magnesium salts) and 
ammonium salts; salts with organic bases such as organic amine salts (e g, triethylamine salts, pyridine salts, picoline 
salts, ethanolamine salts, triethanolamine salts, dicyclohexylamine salts and N,N'-dfoertzytethylenediamine salts); inor- 
ganic acid addition salts (e.g., hydrochlorides, hydrobromides, sulfates and phosphates); organic carboxyiic acid or sul- 
fonic acid addition salts (e.g., formates, acetates, propionates, trifluoroacetates, maleates, malates, tartrates, 
succinates, citrates, methanesulfonates, benzenesulfonates, p-toluenesuffonates and glycolates); and salts with basic 
or acidic amino acids (e.g., salts with arginine, aspartic acid and glutamic acid). 

The compounds of the present invention can be prepared by synthesis. A method for preparing the compounds of 
the present invention will now be described in detail. 

Three structural parts of the compounds are synthesized separately and combined to prepare the compounds. The 
three parts are (a) a substrtuted-4-arnidi nobenzoic part which is located on the left side of general formula (I), (b) a sub- 
stituted p-amino acid residue part which is located in the middle, and (c) a piperidine or piperazine part having a car- 
boxyl or carbaxyalkyl group at the 4-posrtion which is located on the right side. 

If these units are commercially available, they are used with or without protecting functional groups which do not take 
part in the reaction to prepare the compounds of the present invention. If these units are not commercially available, 
they are synthesized by an appropriate method and then used to prepare the compounds of the present invention by a 
conventional method which is used in peptide chemistry as described below. 



Kmj Cb) 

NH 




CI) 



Y a O ** O 



I | COOR, 

HN 



The compounds of the present invention can be also obtained by condensing synthetic precursors of the respective 
units and then derrvatizing the obtained compounds to ones having desired functional groups. 

Since the compounds of the present invention have two peptide bonds in the molecule, each amino acid-like unit 
can be synthesized either in a liquid or solid phase by any conventional methods used in peptide chemistry such as 
those described in Schroder and Luhke, The Peptides" vol.1, Academic Press, New York, U.S.A. (1966), Nobuo Izu- 
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miya et al., "The Fundamentals and Experiments of Peptide Synthesis", Maruzen (1985), and other references. These 
preparation methods may be a column or batch method. 

The condensation methods for forming peptide bonds include, for example, the azide method, acid halide method, 
acid anhydride method, carbodiimide method, carbodiimide-additive method, active ester method, carbonyl imidazole 
5 method, redox method, enzymatic method and the method using Woodward's reagent K, HATU reagent or Bop reagent. 
In the case of performing a condensation reaction by a solid phase method, the acid anhydride method, carbodiimide 
method and active ester method may predominantly be used. 

When a peptide chain is to be extended by the solid phase method, the C-terminal amino acid is coupled to a sup- 
port such as a resin that is insoluble in organic solvents to be used. In this case, the resin may be modified depending 
10 on the intended purpose by introducing a functional group for the purpose of bonding amino acids to the resin, by insert- 
ing a spacer between the resin and a functional c/oup or by introducing a chain called "handle" which can be cleaved 
in various positions under the conditions employed. Exemplary resins include halomethyl resins (such as chloromethyl 
resin), oxymethyl resin, 4-(oxymethyl)-phenylacetamide methyl resin, 4-(oxymethy0-phenoxymethyl resin, resin for C- 
terminal amidation, and the like. 
is Prior to the condensation reaction, carboxyl, amino, hydroxy! and amidino groups that do not take part in the con- 
densation reaction may be protected by conventional and known techniques. In contrast with this, carboxyl and amino 
groups that directly take part in the condensation reaction may be activated. 

As protective groups for use in the protection of functional groups that do not take part in the condensation reaction 
of each unit, those which are commonly used in the field of organic chemistry, as descrbed in Greene, "Protective 
20 Groups in Organic Synthesis", John Wiley & Sons, Inc. (1981), can be used. 

Exemplary protective groups for carboxyl group include commonly used and known protective groups such as var- 
ious kinds of methyl ester, ethyl ester, benzyl ester, p-nitrobenzyl ester, t-butyl ester, cyclohexyl ester, and the like. 

Exemplary protective groups for amino group include benzyloxycarbonyl, t-butaxycarbonyl, isobornyioxycarbonyl 
and 9-fluorenylmethQxycarbonyl groups. 
25 Exemplary protective groups for hydroxyl group in the substituted p-amino acid residue containing a hydroxy! group 
include t-butyl, benzyl, trimethytsilyl and tetrahydropyranyl groups. 

Exemplary protective groups for amidino group include benzyloxycarbonyl group. 

Exemplary compounds with an activated carboxyl group include an acid anhydride corresponding to the carboxyl 
group; azide; active esters with pentafluorophenol, 2,4-dinitrophenol, cyanomethyl alcohol, p-nrtrophend. N-hydroxy- 
30 suctinimide, N-hydroxy-5-norbomene-2,3Klicarboximide, N-hydraxyphthalimide and 1 -hydroxybenzotriazole. 

Exemplary compounds with an activated amino youp include an amide phosphate corresponding to the amino 
group. 

The condensation reaction for peptide synthesis is usually carried out in a solvent. Exemplary solvents include 
chloroform, dichloromethane, ethyl acetate, N ( N<limethylformarnide, dimethyl sulfoxide, pyridine, diaxane, tetrahydro- 

35 furan, N-methylpyrrolidone, water, methanol and the like, and mixtures thereof. The condensation reaction can be car- 
ried out at a temperature of from -30 to 50°C as in the usual case. 

The type of the deprotection reaction to be carried out in the peptide preparation process can be selected depend- 
ing on the kind of protective groups provided that they can be eliminated without affecting the peptide bonds. Exemplary 
deprotection reactions include a treatment with an acid such as hydrogen chloride, hydrogen bromide, anhydrous 

40 hydrogen fluoride, methanesuHbnic acid, trifluoromethane-sulfonic acid, trifluoroacetic acid, or a mixture thereof; a 
treatment with an alkali such as sodium hydroxide, potassium hydroxide, hydrazine, diethylamine, pipericfine or the like; 
a treatment with sodium in liquid ammonia; reduction with palladium on carbon; a silylation treatment with trimethylsilyl 
trif late, trimethylsilyl bromide or the like. In the above deblocking reaction with an acid or silylation agent, cation-trapping 
agents such as anisole, phenol, cresol, thioanisole and ethanedithid are preferably added to carry out the deblocking 

45 reaction effectively. 

The compounds synthesized by the solid phase method can be cleaved from the solid phase by conventional meth- 
ods. Exemplary methods for cleaving the compounds include treatments with the acid or silylation agents described 
abova 

The compounds of the present invention thus prepared can be separated and purified in a conventional and known 
so manner after the end of the series of reactions described abova For example, extraction, partition, repreciprtation, 
recrystallization, column chromatography and the like can be used to obtain the compounds in a more purified form. 

The method of synthesizing each unit will now be described. A substituted-4-amidinobenzoic acid of Unit (a) can 
be used as such in the condensation of the unit Alternatively, it can be converted to 4-cyanobenzoic acid and then con- 
densed, followed by conversion of the cyano group to a substituted amidino group (see the following formula). 

55 
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Y, 




Conversion of The 
Cyano Group 
* to An Amidino Group 




(I) 



Unit (b) can be obtained by general methods for synthesizing substituted p-amino acids, for example, the method 
described in m Enantioselecrive Synthesis of p-amino acids", Eusebio Juaristi, et al., AWrichimica Acta, Vbl.27, No. 1, 
pp.3-11, 1994 and the references cited therein. Alternatively, since p-lactam derivatives provide substituted p-amino 
acids upon cleavage of the lactam rings by hydrolysis, Unit (b) can be obtained easily at low cost by the preparation of 
p-lactam and subsequent hydrolysis as described in M A Synthetic Chemistry Review of Recent Advances in the Reac- 
tion of p-lactam Ring Formation'', Kbichi Imai, Vol.50 of 'Organic Synthetic Chemistry", No. 2, pp.1 12-130, 1992, The 
Ester Enolate-lmine Condensation Route to beta-Lactams", David J. Hart and Deok-Chan Ha, Chemical Reviews, 
Vbl.89, No.7, pp. 1447-1 465, 1989 and the references cited therein. Unit (c) can be obtained easily by reducing the cor- 
responding 4-carboxyalkytpyridine or by oxidizing the hydraxyl group of a 4-hydraxyaIkytpyridine having the same 
number of side chain carbon atoms including the carbon atoms of the carbaxyl group and reducing the pyridine ring. 

The compounds of the present invention can be used effectively as platelet aggregation-inhibiting agents in treating 
and preventing various diseases caused primarily or secondarily by platelet aggregation. In particular, they are useful 
as agents for inhibiting or preventing the arterial occlusion caused by thrombus formation as in cardiac infarction and 
cerebral infarction. Furthermore, they are useful as agents for inhibiting: acute reocclusion after pericutaneous translu- 
minal coronary angioplasty (PTCA) is applied to stenosed coronary arteries in patients with angina or myocardial inf- 
arction; reocclusion caused by reactivated platelets released from thrombus at the time of applying thrombolytic therapy 
using a fibrinolytic agent such as urokinase to the arterial thrombus; and blood coagulation during medical treatments 
involving the extracorporeal circulation of blood. 

The compounds of the present invention can also be used as cell adhesion-inhibiting agents, anti-inflammatory 
agents, anti-rheumatic agents, anti-osteoporosis agents and cancer metastasis-inhibiting agents. 

When the compounds of the present invention thus prepared are used as active ingredients of platelet aggregation- 
inhibiting agents, they or their salts are formulated together with a solid or liquid pharmaceutical^ acceptable carrier or 
diluent, that is, an excipient, stabilizer, etc. In the pharmaceutical preparation, the ratio of the active ing-edient to the 
carrier can be varied in the range of 1 to 90% by weight 

The preparation may be in the form of granules, fine granules, powders, tablets, capsules, pills, liquids and solu- 
tions. The preparations may be orally administered in the form of bulk powders or they can be administered intrave- 
nously, intramuscularly or subcutaneously as injections. The injections may be prepared from powders of the 
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compounds of the present invention or salts thereof just before use. 

An organic or inorganic solid or liquid pharmaceutically acceptable carrier or diluent suitable for oral, enteral or 
parenteral administration can be used to prepare the platelet aggregation-inhtorting agents of the present invention. 
Water, gelatin, lactose, starch, magnesium stearate, talc, animal fats and oils, vegetable fats and oils, benzyl alcohol, 
gums, potyalkylene glycol, petroleum resins, coconut oil, lanolin, and all other carriers for medicines can be used as car- 
riers or diluents for the platelet aggregation-inhibiting agents of the present invention. Stabilizers, wetting agents, emul- 
sifying agents, and salts for adjusting the osmolarrty or pH of the preparation can appropriately be used as adjuvants. 

If necessary, the platelet aggregation-inhibiting agents of the present invention may contain other pharmaceutically 
active ingredients such as other kinds of platelet aggregation-inhibiting agents. 

In the case where the platelet aggregation-inhibiting agents are used in the form of granules, fine granules, pow- 
ders, tablets or capsules, the content of the active ingredient is preferably in the range from 5 to 80% by weight In the 
case where the platelet aggregation-inhibiting agents are used in the form of liquids and solutions, the content of the 
active ingredient is preferably in the range from 1 to 30% by weight Furthermore, in the case where the platelet aggre- 
gation-inhibiting agents are used in the form of injections, the content of the active ingredient is preferably in the range 
from 1 to 10% by weight 

When the platelet aggregation-inhibiting agents are to be administered orally, the clinical dose of the active ingre- 
dient is preferably in the range from 100 to 1000 mg per day for each adult patient, which can be varied depending on 
the age of the patient, severity of the diseases to be treated and the like. The platelet aggregation-inhibiting agents can 
be administered in the aforementioned daily dose either once a day, or twice or three times a day at suitable intervals. 
In the case of injections, the dose of the active ingredient is preferably in the range from one to several hundreds milli- 
grams per injection for each adult patient The administration can be conducted stepwise by means of irqection or con- 
tinued over time by means of drip infusion and the like. When the compounds or salts of the present invention are used 
for extracorporeal circulation, they can be used in the form of injections. The dose thereof is the same as in the case of 
the platelet aggregation-inhibiting agents. 

As shown in the Comparative Examples described below, p-amino acid derivatives which are mono-substituted at 
the a positions do not generally have high biological activity, ff substituents are introduced at the p positions of these 
derivatives, their biological activity greatly decreases. In contrast, the p-am'no acid derivatives of the present invention 
which are substituted at the a positions with two lower alkyts are generally about 10 times more biologically active than 
unsubstrtuted p-amino acid derivatives. Moreover, the introduction of substituents at the p positions causes a great 
increase in the biological activity. This would be because the p-amino acid derivative of the present invention has the 
spatial position of a substituent at the p position fixed at the site where it can interact with a receptor by inserting the 
substituent at the p position between two substituents at the a position and the amide group. 

The p-amino acid residues of the compounds of the present invention are formed by converting the moiety of pep- 
tide-bond forming amino acid residues from a-amino acid residues, which generally constitute proteins in the body, to 
nearly non-native p-amino acid residues. Such a conversion can greatly increase the in vivo stability of peptide bonds 
against proteolytic enzymes, thereby inhibits the degradation of the compounds of the present invention in the body and 
prolongs the working time of drugs. The introduction of substituents in the p-amino acid residues further increases the 
stability against proteolytic enzymes and enhances the hydrophobic nature of the molecules, whereby the poor bioa- 
vailability of peptide-bond-containing compounds like those of the present invention which results from the hydrophilic 
nature of peptide bonds is modified such as to increase the bioavailability. 

In order to antagonize the action of fibrinogen receptors, compounds should have both a basic and an acidic site, 
keeping at a certain spatial distance in the molecule, and these sites should bind to the fibrinogen receptors. In the com- 
pounds of the present invention, the basic site is a substituted amidino group and the acidic site is a fatty acid residue 
at the 4 position of the piperidine ring. Basically, any substituents that are not bulky enough to inhibit the binding of the 
two aforementioned receptor-recognizing sites to the receptor and which improve the bioavailability due to increased in 
vivo stability and hydrophobicity can be employed as substituents of the p-amino acid residues. In order to have high 
platelet aggregation-inhibiting activity, the substituents described herein are preferred for the following reasons. The 
substituents described herein have a hydrophobic nature and thereby provide new sites of interaction with the receptor. 
As a result, the receptor-binding force of the compounds of the present invention is further increased. In addition, the 
introduction of the substituents described herein regulates the motility of the compounds having straight-chain struc- 
tures with a great degree of freedom and fixes the steric molecular structures so that the steric structures required for 
the development of high biological activity can be held stable and the receptor-bincfing force is increased. Hence, the 
introduction of those substituents is very important for improving the usefulness of the compounds. 

Trie bioavailability of a compound is influenced by the nature of the functional groups in its molecule. An amidino 
group is generally a negative factor with respect to the bioavailability. The compounds off the invention include those 
having an amidino group of which the free amino ^oup has been replaced with a tertiary amine. These compounds 
have enhanced hydrophobic nature than those compounds having an unsubstituted amidino group, and thus they 
acquire still higher bioavailability. 
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As regards the preparation, the p-amino acid residues of the compounds of the present invention can be synthe- 
sized by directly applying the methods for synthesizing p-lactams which are used as antiboitics. Since a wide variety of 
methods for synthesizing p-lactams have been developed, the compounds of the present invention can be synthesized 
easily and at low cost 

5 As is clear from the description, the novel compounds of the present invention having substituted p-amino acid res- 
idues are useful as fibrinogen receptor antagonists. 

The present invention will now be explained in greater detail with reference to the following examples. It should, 
however, be noted that the scope of the present invention is not limited by these examples. 

to [Synthesis of Compounds] 

[Example 1] 

Ethyl N-(N-(4-(4Hiiorphdinoimidov^ 

15 



25 

p-Ethyl-a.a-dimethyl-p-alanine hydrochloride (2.0 g, 11 .07 mmof) was dissolved in a 1 0% aqueous sodium carbon- 
ate solution (1 1 .7ml). To the resultant solution was added di-t-buthyldicarbonate (2.9 g, 1 3.21 mmol) in dioxane (40 ml) 
under ice-cooling. The mixture was stirred overnight at room temperature and the solvent was distilled off therefrom. 
The residue was dissolved in water and then washed with ether to separate an aqueous layer. Thereafter, the aqueous 
30 layer was adjusted to pH 3 with citric acid and then extracted with ethyl acetata The ethyl acetate layer collected was 
washed with saturated aqueous Nad solution, dried over anhydrous sodium sulfate and evaporated in vacuo to remove 
the solvent The residue was repredpitated from ether/hexane to give N-BOC-p-ethyl-a.a-dimethyi-p-alanine (2.7 g, 
quant.) in a crystalline form. 

The crystalline product (1 .2 g, 4.89 mmol) thus obtained was dissolved in methylene chloride (50 ml). To the result- 
as ant solution were added HATU regient (2.8 g, 7.37 mmol) and diisopropylethylamine (5.2 ml, 29.35 mmol). The mixture 
was stirred for 30 min and ethyl 4-piperidinyl acetate (1.26 g, 7.34 mmol) was dissolved thereto, followed by stirring 
overnight. After distilling off the solvent from the reaction solution, the residue was dissolved in ethyl acetate, washed 
with a 5% aqueous citric acid solution, a 5% aqueous sodium bicarbonate solution and a saturated aqueous sodium 
chloride solution, respectively, each three times and then dried over anhydrous sodium sulfate. After distilling off the sol- 
40 vent, the residue was applied to a silica gel column (2.2 x 15 cm) and eluted with hexanerethyl acetate (5:1). The 
desired fractions were collected and the solvent was distilled off there from to give ethyl N-(N-BOC-p-ethyl-a,a-dime- 
thyl-p-alanyl)-4-pipeiidineacetate (1 .77 g, 90.8%) in a powdery form. 

MS: [M+H]+ calculated 399.286, found 399.5. 

45 

To the above-obtained ethyl N^N-BOC-p-ethyl^aKiimethyl-p^lanyl)-4i3^ridineacetate (0.38 g, 0.95 mmol) 
were added antsole (0.3 ml) and TFA (10 ml). The resultant mixture was stirred for one hour under ice-cooling. After 
distilling off the TFA from the reaction mixture at room temperature, the residue was washed with hexane three times 
and then dissolved in DMF (20 ml) under ice-cooling. After neutralizing the resultant solution with triethylamine, 4-(4- 

so morpholinoimiddy) benzoate (0.25 g, 1.05 mmol), HOBT (0.14 g, 1.05 mmol) and WSDC (0.22 g, 1.14 mmol) were 
added to the solution and then stirred overnight After distilling off the solvent from the solution, the residue was dis- 
solved in ethyl acetate. The resultant solution was washed with a 5% aqueous citric acid solution, a 5% aqueous 
sodium bicarbonate solution and a saturated aqueous sodium chloride solution, respectively, each three times and then 
dried over anhydrous sodium sulfate. After distilling off the solvent from the solution, the residue was applied to a silica 

55 gel column (02.1 x 20 cm) and eluted with chloroformrethanol (30:1). The desired fractions were collected and the sol- 
vent was distilled off therefrom to give the titled compound (1 08 mg, 22%) in a powder form. 

NMR: 1 H (270MHz: CDCI3: 25°C) 0.92, t, J=7.3Hz. 3H: 1.11-1.24, m, 2H: 1.26, t, J=6.8Hz, 3H: 1.31, s, 3H: 1.38, 
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s, 3H: 1.62-1.88, m, 4H: 1.95-2.15. m, 1H: 2.25, d, J=7.3Hz, 2H: 2.68-2.95, m, 2H: 3.33-3.45, m, 2H: 3.64-3.75, m, 
2H: 3.83-4.08. m, 5H, 4.13, q, J=7.3Hz, 2H: 4.40. br< J=12.7hz, 2H: 7.53. d. J=7.8Hz, 2H: 7.90. d,J=7.8Hz, 2H 
13 C (67.5MHz:CDCl325 0 C) 11.62, 1452. 23.80, 24.13, 24.27, 31.96, 32.20, 33.10, 40.80. 40.99, 45.37, 46.49, 
47.34. 50.12, 60.39, 61.03. 65.79, 66.32, 128.00, 128.37, 130.76. 138.85, 164.55. 166.19, 172.19, 175.14 
5 MS: [M+HJ+ calculated: 515.323, found: 515.5 

HRMS: CzsH^Og [M+HT calculated: 515.3233. found: 515.3257 

[Example 2] 

io N-(N-(4-(4-morpholinoimidoyl)beruo^ acid 

O S O 

o 

20 



Ethyl N-(N-(4-(4-rr»rpholinoimktoyl)benz^ (28 mg, 54.4 

mmol), a product of Example 1 , was dissolved in ethand (1 0 ml) and a 4N aqueous NaOH solution (3 ml) was added 

25 thereto under ice-cooling, followed by stirring for three hours. The resultant solution was neutralized with acetic acid 
under ice-cooling. After destining off the ethanol from the neutralized solution, the residue was dissolved in water. The 
resultant solution was subjected to high performance liquid chromatography (HPLC) [column: ODS 5C18 {\i bondas- 
phere, 019 x 150 mm); mobile phase: (A) 0.1% aqueous TFA solution, (B) 100% CH 3 CN/0.1% TFA; gradient: 
(A):(B)=76:24 - 7426; 6 min; flow rate: 17 ml/rnin]. The desired fractions were collected and tyophilized to give the titled 

30 compound (20.3 mg, 77%). 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.93, t, J=7.2Hz, 3H: 1.13-1.35, m, 2H: 1.27, s, 3H: 1.30. s. 3H: 1.51-1.68. m, 
2H: 1.84. br-t. J=13.6Hz, 2H: 1.98-2.12. m, 1H: 2.25, d, J=6.8Hz, 2H: 2.60-3.10. m, 2H: 3.45. t, J=4.4Hz. 2H: 3.73, 
t. J=4.8Hz, 2H: 3.81, t, J=4.4Hz, 2H: 3.92, 2H: 3.92, t, J=4.4Hz, 2H: 4.46, dd, J=1 0.4Hz, 4.0Hz, 1H: 4.54, br-d, 
35 J=13.6Hz, 2H: 7.72, d, J=8.4Hz, 2H: 8.02, d. J=8.4Hz, 2H 13 C (100MHz:CD 3 OD:25°C) 12.73. 24.16. 24.60, 25.00, 
34.02, 34.16, 35.17, 42.34, 48.00, 48.89, 52.20, 5924, 67.12, 68.13, 130.29, 130.52, 133.58, 140.66, 166.97, 
170.37,176.81,177.10 
MS: [M+HT calculated: 487.292, found: 487.4 
HRMS: C2 6 H39N 4 0 5 [M+HJ* calculated: 487.2920, found: 487.2897 

40 

HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a VfekosiM 15C18HG column (04.6 x 250 mm) 
at a flow rate of 1 .0 ml/mi n at room temperature with elution in a gradient of 10-55% acetonrtrile in 0.1% TFA (30min). 
45 As a result a spectrum having a single peak at a retention time of 18.63 min was obtained. 



50 



55 



15 
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[Example 3] 

Ethyl N-(N-(4-(4-moipholinoirTiiabyQ^^ 



O S O 



?5 To methyl N-BOC-p-ethyl^,a<Jimethyi-p-alanyl^^lperidineacetat8 (1.0 g, 2.51 mmol), which was descrfoed in 
Example 1 , were added anisole (1.0 ml) and TFA (30 ml) and the mixture was stirred for one hour under ice-cooling. 
After distillation off the TFA from the mixture at room temperature, the residue was washed with hexane three times and 
then dissolved in DMF (50 ml) under ice-cooling. The resultant solution was neutralized with triethylamine and then 2- 
f luoro-4-cyanobenzoic acid (0.46 g, 2.76 mmol), HOBT (0.37 g, 2.76 mmol) and WSDC (0.63 g. 3.26 mmol) were added 

20 thereto, followed by stirring overnight. After distillation off the solvent from the solution, the residue was dissolved in 
ethyl acetate and washed with a 5% aqueous citric acid solution, a 5% aqueous sodium bicarbonate solution and a sat- 
urated aqueous sodium chloride solution, respectively, each three times and then dried over anhydrous sodium sulfate. 
After distillation off the solvent, the residue was applied to a silica gel column (2.2 x 1 5 cm) and eluted with hexaneiethyl 
acetate (3:1). The desired fractions were collected and the solvent was distilled off therefrom to give ethyl N-(N-2-f luoro- 

25 4-<^am)beTizoyl-p-e1hyl^a4 (855 mg, 76.5%) in a powder form. 

MS: [M+Nar calculated 446.246. found 446.5 



Ethyl N-(N-4-c^ano-24luorobefizoyO-p~ethyl^ (4.1 g, 9.8 mmoQ thus 

30 obtained was dissolved in pyridine (200 ml). After addition of triethylamine (50 ml), the reaction solution was saturated 
with hydrogen sulfide, stoppered and then stirred at room temperature overnight After distilling off the pyridine from the 
resultant, the residue was subjected to azeotropic distillation with toluene twice and then dissolved in acetone (200 ml). 
To the resultant solution was added methyl iodide (20 ml) and the mixture was refluxed for 30 min. After distilling off the 
solvent from the reaction solution, the residue was dissolved in methanol (200 ml) and then morpholine (20 ml) was 
35 added thereto, followed by reflux for two hours. After distilling off the solvent from the reaction solution, the residue was 
dissolved in chloroform, washed with a saturated aqueous sodium chloride solution and dried over anhydrous sodium 
suttate. After distilling off the solvent the residue was applied to a silica gel column (1.5x14 cm) and eluted with chlo- 
roform:methanol (30:1). The desired fractions was collected and the solvent was distilled off therefrom to give the titled 
compound (1 .4 g, 28%) in a powder form. 

40 

NMR: 1 H (270MHz: CDQ 3 : 25°C) 0.93, m, 3H: 1 .12-1 .41 , m, 8H: 1 .26. t. J=7.0Hz, 3H: 1 .57-1 .89, m, 4H: 1 .92-2.16, 
m, 1H: 2.24, d, J=6.8Hz, 2H: 2.82, m, 2H: 3.41, br-s, 2H, 3.70, br-s, 2H: 3.85-3.97, m, 4H: 4.03-4.19, m, 1H: 4.13, 
q, J=7.3Hz, 2H: 4.27-4.47, m, 2H: 7.32-7.43, m, 2H: 7.68-7.82, m. 1H: 8.00. t. J=7.6Hz, 1H 
13 C (67.5MHz:CDCl325 0 C) 11.56, 14.22, 23.83, 23.93, 24.09, 31.97, 32.15, 32.96, 33.10, 40.60, 40.82, 40.07, 
45 45.07(br), 46.46, 47.24, 50.11, 60.42, 60.72, 65.59,66.20, 77.21, 116.41, 11.80, 124.22, 126.39, 126.58. 132.05. 
132.10. 132.65. 157.86, 161.59, 162.74, 163.06, 172.26, 174.81 
MS: [M+HT calculated: 533.314, found: 533.4 
HRMS: CzsH^FN^s [M+HJ* calculated: 533.3139, found: 533.3136 

50 



55 
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[Example 4] 

N-(N-(4-(4-irorprK>linoimki^ 



10 




15 The same procedure as in Example 2 was performed with ethyl N-(N-(4^4-morpholiTOimidoyO-2-fluorobenzoyl)-p- 
ethyl-<i,a<Jimethyl-p-analy0^i)iperidineacetate (200 mg, 0.38 mmol) produced in Example 3 to give the titled com- 
pound (160mg,84%). 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97. t J=7.6Hz, 3H: 1.12-1.25. m, 2H: 1.26. s. 3H: 1.34, s. 3H: 1.50-1.63. m. 
20 2H: 1.78-1.91, m, 2H: 2.06. br-s, 1H: 2.26, d, J=7.2Hz, 2H: 2.7*3.08, m, 2H: 3.39-3.50, m, 2H: 3.6M.76, m, 2H: 
3.76-3.84, m, 2H: 3.86-3.95, m, 2H: 4.37-4.45. m, 1H: 4.52, br< J=12.4Hz, 2H: 7.53, d, J=7.6Hz. 1H: 7.58. d. 
J=10.4Hz: 7.85. t, J=7.6Hz. 1H: 

13 C (100MHz:CD3OD:25°C) 12.68, 24.14, 24.71, 2558, 34.04, 34.13, 35.15. 42.34, 47.30, 47.75, 48.92, 49.29, 
52.20, 59.93, 67.05, 68.03, 118.47, 118.73, 126.45, 129.77, 129.92, 133.45, 134.51, 134.58, 160.35, 162.86, 
25 1 65.60, 167.01 . 1 76.77, 1 77.05 

MS: [M+HT calculated: 505.283, found: 505.5 

HRMS: C26H38FN 4 05 [M+HJ* calculated: 505.2826, found: 505.2827 

HPLC analysis: 

30 

The compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HG column (04.6 x 250 mm) 
at a flow rate of 1.0 ml/min at room temperature with elution in a gradient of 10-55% acetonitrile in 0.1% TFA (30min). 
As a result a spectrum having a single peak at a retention time of 19.46 min was obtained. 

35 [Examples] 

Ethyl N-(N-(4-(N,N-die1hylamirK)im^ 



40 



45 




so The same procedure as in Example 3 was performed with ethyl N-(N^4K^rK)-24luorobenzoyO-p-ethyl-a,a<iime- 
thyl-p-anaJyO-4-pipericfineacetate (1.4 g, 3.1 mmol) using diethylamine (3.2 ml) as the amine component to give the 
titled compound (224 mg, 15%). 

NMR: 1 H (270MHz: CDCfe: 25°C) 0.94, t, J=7.4Hz, 3H: 1.17, t. J=7.0Hz, 3H: 1.26, t, J=7.0Hz, 3H: 1.12-1.39, m, 
55 11H: 1.55-1.76. m. 2H: 1.80. bwl, J=11.9Hz, 1.96-2.15, m, 1H: 2.25. d. J=6.8Hz, 2.72-2.91, m, 2H: 3.29. q, 
J=6.1Hz, 2H: 3.74. q, J=6.8Hz, 2H: 4.13. q. J=J=7.3Hz. 2H: 4.39-4.18, m, 1H: 4.42, br-d, J=12.7Hz, 2H: 7.27, br-t, 
J=8.6Hz, 7.61, br-t, J=8.5Hz, 1H: 7.98. t, J=7.6Hz, 1H 

13 C (67.5MHz:CDCb55°C) 11.17, 11.48, 13.62, 14.18, 23.64, 23.83, 23.93, 31.97, 32.12, 33.10, 40.82, 43.55, 
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45.02, 45.37, 46.53, 46.85, 60.22, 60.35, 76.53, 77.00, 77.21, 77.47, 115.48, 115.87, 123.28, 123.33, 125.76, 

125.96, 132.50. 132.97, 133.11, 157.80, 161.51, 162.84, 172.21, 174.70 

MS: [M+HT calculated: 519.335. found: 519.5 

HRMS: C28H44FN4O4 [M+Hf calculated: 519.3346, found: 519.3360 

5 

[Example 6] 

N-(N-(4-(N,NKJiethylamincMmi 

10 

) V 



20 

The same procedure as in Example 2 was performed with ethyl N-(N-(4^N,N<jiethylaminoi^ 
zoyQ-p-ethyl-a,a<Iimethyl-p-a^ (56 mg, 0.1 1 mmol) preparead in Example 5 to give the titled 

compound (29 mg, 54.7%). 

25 NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97, t, J=7.2Hz, 3H: 1.13-1.27, m, 2H: 1.19, t. J=7.2Hz, 3H: 1.26. s, 3H: 1.34, 
s, 3H: 1.38, t, J=7.2Hz, 3H: 1.50-1.63, m, 2H: 1.77-1.92, m, 2H: 1.98-2.13, m, 1H: 255, d, J=6.8Hz, 2H: 2.60-3.05, 
m, 2H: 3.34, q, J=7.6Hz, 2H: 3.69, q. J=7.6Hz. 2H: 4.37-4.45, m, 1H: 4.52, br-d, J=12.8Hz. 2H: 7.49. dd, J=7.6Hz, 
1.2Hz, 1H:7.57, d, J=1 0.4Hz, 1H: 7.84, t J=6.8Hz, 1H 

13 C (100MHz:CD 3 OD:25°C) 12.16, 12.68. 14.52, 24.14, 24.73. 25.28. 34.05. 34.15. 35.19, 42.45, 45.45. 47.37, 
30 47.77, 59.91, 117.74, 118.00, 125.70, 129.32. 129.46, 133.38, 135.35, 165.40, 167.08, 168.20, 176.88, 177.07 
MS: [M+HT calculated: 491.303, found: 491.4 
HRMS: CggH^F^C^ [M+Hf calculated: 491.3033, found: 491.3013 

HPLC analysis: 

35 

The compound obtained was subjected to analytical HPLC using a Watosil-1 15C18HG column (04.6 x 250 mm) 
at a flew rate of 1 .0 ml/min at room temperature with elirtion in a gradient of 10-55% acetonrtrile in 0.1% TFA (30min). 
As a result, a spectrum having a single peak at a retention time of 21.19 min was obtained. 

40 [Example 7] 

Ethyl N-(N-(4-(1 -piperidirx>imkjoy0-24luoro^ 




The same procedure as in Example 3 was performed with ethyl N^N-(4K^arK>-24luorobenzoyO-p-ethy1-a.a-dime- 
55 thyl-p-alanyO-4-pperidineacetate (1 .4 g, 3.1 mmol) using piperidine (3.1 ml) as the amine component to give the titled 
compound (487 mg, 30%). 



NMR: 1 H (270MHz: CDCI3: 25°C) 0.95. t J=7.3Hz, 3H: 1.09-1.46. m, 2H: 1.26, t, J=7.2Hz, 3H: 1.34, s, 3H: 1.39, 
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w 



15 



20 



s, 3H: 1.59-1.96, m, 8H: 1.96-2.19, m, 1H: 2.23-2.30, m, 2H: 2.74-2.92, m, 2H: 3.39, br-t, J=5.4Hz, 2H: 3.79-3.86, 

m, 2H: 4.02- 4.19, m, 1H: 4.14, q, J=7.0Hz, 2H: 4.40, br^d, J=12.2Hz, 2H: 7.22-7.37, m, 2H: 8.06, t J=7.6Hz, 1H 

13 C (67.5MHz:CDCl325 0 C) 11.56. 14.23. 20.80, 23,14, 23.83, 24.03, 24.15, 24.93, 26.24, 31.94, 32.17, 33.07, 

40.79, 45.16, 45.40, 46.46, 48.73, 51.71, 60.48, 61.26, 77.20, 115.89, 116.29, 123.76, 126.31, 126.51, 132.79, 

133.06, 133.11, 162.14, 162.64, 172.27, 174.78, 175.10 

MS: [M+HT calculated: 531.335, found: 531.3 

HRMS: C29H44FN4O4 [M+HT calculated: 531.3346, found: 531.3352 

[Example 8] 

N-(N-(4-(1 -pperidinoimi(toy9-2-fluoroberizoyl)-^ acid 



COOH 




The same procedure as in Example 2 was performed with ethyl N-(N-(4-(1 -piperidinoimidcyO-2-f luorobenzoyl)-p- 
25 ethyl-a,a<limetriyl-f3-alanyl) (100 mg, 0.188 mrnol) prepared in Example 7 to give the titled com- 

pound (85.8 mg, 91%). 

NMR: 1 H (400MHz: CD3OD: 25°C) 0.97, t, J=7.2Hz. 3H: 1.13-1.25, m. 2H: 1.26. s, 3H: 1.34, s, 3H: 1.48-1.71, m. 
4H: 1.72-1.94, m. 6H: 2.06, br-s, 1H: 2.26, d, J=6.4Hz, 2H: 2.65-3.10, m, 2H: 3.40, br-s, 2H: 3.76. br-s, 2H: 4.37- 
30 4.46, m, 1H: 4.53, br-d, J=12Hz, 2H: 7.50. d. J=7.6Hz, 1H: 7.56, d, J=9.6Hz, 1H: 7.84, t, J=6.8Hz, 1H 

13 C (100MHz:CD3OD:25°C) 12.68, 24.03, 24.65, 25.08, 25.20, 26.83, 27.84, 34.02, 34.15, 35.15, 42.34, 47.31, 
47.73, 53.44, 59.62, 118.11, 118.36, 126.08, 129.76, 133.30, 135.24, 135.32, 162.82, 164.54, 167.19, 176.81, 
176.98 

MS: [M+HT calculated: 503.303, found: 503.3 
35 HRMS: C27H40FN4O4 [M+HT calculated: 503.3033. found: 503.3048 

HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HG column (04.6 x 250 mm) 
40 at a flow rate of 1 .0 mi/min at room temperature with elution in a gradient of 10-55% acetonitrile in 0.1% TFA (30min). 
As a result a spectrum having a single peak at a retention time of 22.14 min was obtained. 

[Example 9] 

45 Ethyl N-(N-(4-1-pym>licfinoimKio^ 

0 

HN 

so V-/v /V^N^V N V^COOEt 



55 



The same procedure as in Example 3 was performed with ethyl N-(N-(4-(^ano-2^luon>benzoyQ-p-ethyl^,a<lime- 
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thyi-p-alanyO-4-piperldineacetate (1 .4 g, 3. 1 mmol) using pyrrolidine (2.6 ml) as the amine component to give the titled 
compound (398 mg, 25%). 

NMR: 1 H (270MHz: CDCI3: 25°C) 1.16-1.42, m, 2H: 1.26, t J=7.3Hz, 6H: 1.31, s, 3H: 1.37, s, 3H: 1.59-1.89, m, 
5 4H: 1 .91 -2.30, m, 5H: 2.25, d. J=7.3Hz, 2H: 2.71-2.91 , m, 2H: 3.43, br-t, J=6.3Hz, 2H: 3.76. br-s, 2H: 4.06-4.48. m. 

1H: 4.13, q, J=6.9Hz, 2H: 4.41, br^j, J=12.7Hz, 2H: 7.28-7.43, m. 2H: 7.66, br< J=8.2Hz, 1H: 8.00, br-t, J=8.2Hz, 
1H 

13 C (67.5MHz:CDd325°C) 11.54. 1450, 23.81, 23.86, 24.06. 24.85, 24.96, 25.51, 29.66, 31.99, 32.17, 32.29, 
33.12. 40.83. 45.05. 45.37. 46.47, 49.13. 52.12, 60.39, 60.67, 77.20, 115.70. 116.10, 12.62, 125.94, 126.13. 
10 132.60, 133.23, 133.35, 157.82, 160.89, 161.02, 161.53, 162.74, 172.24, 174.79 
MS: [M+HT calculated: 517.319, found: 517.4 
HRMS: CzsH^FN^ [M+HJ* calculated: 517.3189. found: 517.3207 

[Example 10] 

15 

N-(N-(4-(1 i>yrrolidirK>irrudoyl>2-fluorobera acid 



20 




COOH 



The same procedure as in Example 2 was performed with ethyl N-(N-{4-(1 i>yrrolidinoimidoy0"2"fluorobenzoy0-p- 
ethyl-<i,a-dimethyl-p-alanyl)-4-pperidineacetate (100 mg, 0.194 mmol) prepared in Example 9 to give the titled com- 
30 pound (36.4 mg, 38.5%). 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97, t J=7.2Hz, 3H: 1.14-1.28, m, 2H: 1.26, s, 3H: 1.34, s, 3H: 1.50-1.62, m, 
2H: 1.78-1.91, m, 2H: 1.94-2.13, m, 3H: 2.13-2.3, m. 2H: 2.26, d. J=7.2Hz, 2H: 3.48, t J=6.8Hz, 2H: 3.63, t 
J=7.2Hz, 2H: 4.384.46, m, 1H: 4.53, br-d, J=12.8Hz, 2H: 7.53, d, J=8.0Hz, 1H: 7.57, d, J= 10.4Hz, 1H: 7.83, t, 
35 J=6.8Hz, 1H 

13 C (100MHz:CD 3 OD:25°C) 12.68, 24.09, 24.69, 25.24, 26.68, 27.29, 34.05, 34.15, 35.17, 42.34, 47.39, 47.75, 
50.93, 54.03. 59.77, 117.81. 118.07, 125.86. 129.50. 129.66. 133.25, 135.70, 135.79. 160.22, 16358, 167.17, 
16751, 176.79, 177.03 
MS: [M+HT calculated: 489.288. found: 489.1 
40 HRMS: C2 6 H3 8 FN 4 04 [M+Hp calculated: 489.2876, found: 489.2862 

HPLC analysis: 

Hie compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HQ column (04.6 x 250 mm) 
45 at a flow rate of 1.0 mtfmin at room temperature with elution in a gradient of 10-55% acetonrtrile in 0.1% TFA (30min). 
As a result a spectrum having a single peak at a retention time of 20.70 min was obtained. 



50 



55 
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[Example 11] 

Ethyl N-(N-(4-(1 ^piperidonoimidoyl)-24luorobenzo^^ 

5 



10 




15 

The same procedure as in Example 3 was performed with ethyl N^N-(4<yarK>-24luon)benzo^-p-ethy1^ l aKiime- 
thyl-p-alanyO-4-piperidineacetate (1.4 g, 3.1 mrnol) using an amine which had been prepared by dissolving 4-piperi- 
done monohydrate hydrochloride (4.8 g) in methanol and then neutralizing the resultant with triethytamine to give the 
20 titled compound (183 mg, 1 1%). 

NMR: 1 H (270MHz: CDCI3: 25°C) 0.93. t. J=7.0Hz, 3H: 1.09-1.43, m, 2H: 1.26, t, J=7.0Hz, 3H: 1.31, s, 3H: 1.36, 
s, 3H: 1.59-1.84, m, 2H: 1.80, br-d, J=10.8Hz, 2H: 1.96-2.15, m, 1H: 2.25, d, J=6.8Hz, 2H:2.57, m, 2H:2.82, br-s, 
4H: 3.75, m, 2H: 4.02-4.19, m, 4H: 4.13, q, J=7.1Hz, 2H: 4.37, br-d, J=12.2Hz, 2H: 7.43, br-d, J=8.6Hz, 2H: 7.70, 

25 br-t J=8.2Hz, 1 H: 7.96, brt, J=7.0Hz, 1 H 

13 C {S7.5MHz:CDCk25?C) 11.53, 14.20, 23.77, 23.89, 24.09, 31.94, 32.14, 33.09, 38.08, 39.46, 40.80, 44.79, 
45.00, 45.42, 46.41, 47.34, 60.39, 60.82, 77.20, 116.36, 116.76, 124.20, 126.54. 12.74, 132.24, 132.36, 157.72, 
161.44, 162.81, 163.61, 172.21, 174.82, 
MS: [M+Hf calculated: 545.314, found: 545.3 

30 HRMS: C29H42FN4O5 [M+HJ* calculated: 545.3139, found: 545.3147 

[Example 12] 

N-(N-(4-(1 -4^iperidonoimidoy0-2-fluorobenzo^^ acid 

35 



40 




45 

The same procedure as in Example 2 was performed with ethyl N-(r^4-(1-4-piperidonoimkfoy0-2-fluorobenzoy0- 
p-ethyl-a,a<limethyl-p-alanyl)-4-piperidineacetate (30 mg, 0.06 mrnol) prepared in Example 1 1 to give the titled com- 
pound (15 mg, 53%). 

50 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97, t J=7.2Hz, 3H: 1.13-1.28, m, 2H: 1.26, s, 3H: 1.34, s, 3H: 1.50-1.63, m f 
2H: 1.75-1.90, m, 4H: 1.94-2.12, m, 3H: 2.25. d, J=6.8Hz, 2H: 2.663.10, m, 2H: 3.40-3.50. m. 2H: 3.74-3.85, m. 
2H: 4.36-4.45, m, 1H: 4.52, br< J=12.8Hz. 2H: 7.52, d, J=8.0Hz, 1H: 7.58, d. J=9.6Hz, 1H: 7.84, t J=7.2Hz, 1H 
13 C (100MHz:CD3OD:25°C) 12.68, 24.12, 24.71, 25.26, 34.05, 34.15, 35.17, 36.27, 37.11, 42.39. 46.40. 47.35. 
55 47.79, 59.88, 96.09, 118.22, 118.49, 126.21, 129.66. 129.83. 133.40. 135.13. 13551, 160.33. 162.84, 165.05. 
167.08, 176.85. 177.05 

MS: [M+Hf calculated: 517.283, found: 517.2 (for monohydrate: 535.3) 
HRMS: CgyHssFr^Os [M+Hp calculated: 517.2826, found: 517.2823 
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HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HG column (04.6 x 250 mm) 
at a flow rate of 1.0 ml/min at room temperature with elution in a gradient of 10-55% acetonrtrile in 0.1% TFA (30min). 
s As a result, a spectrum having a single peak at a retention time of 1 8.49 min was obtained. 

[Example 13] 

Ethyl N-{N-{4-(4-hydroxy-1 ^)cperidinoimidoyi)-2-fluaobenzoyO-0 

10 



is 




20 

The same procedure as in Example 3 was performed with ethyl N^N^4-<^ano-2-fluorobenzoyO-p-ethyi-a,a-dime- 
thyl-p-alanyl)-4-piperidineacetate (1 .4 g, 3.1 mmol) using 4-hydraxypiperidine (3.1 g) as the amine component to give 
the titled compound (440 mg, 26%). 

25 

NMR: 1 H (270MHz: CDCI3: 25°C) 0.92, t J=7.3Hz, 3H: 1.09-1.39, m, 2H: 1.25, t, J=7.0Hz, 6H: 1.29. s, 3H: 1.35, 
6, 3H: 1.55-1.92, m, 7H: 1.92-2.13, m, 2H: 2.24, d, J=6.8Hz, 2H: 2.74-2.93, m, 2H: 3.22-3.36, m, 1H: 3.53-3.68, m, 
1H: 3.68-3.83, m, 1H: 3.94^4.19, m, 3H: 4.12, q, J=7.2Hz, 2H: 4.37, br< J=11.6Hz, 2H: 7.29-7.39, m, 2H: 7.72, br- 
t, J=8.1 Hz, 1 H: 7.94, t, J=7.6Hz, 1 H 
30 13 C (67.5MHz:CDCb25°C) 11.50, 14.18, 23.77, 23.98, 31.94, 32.09, 32.46, 33.07, 33.39, 40.79, 43.83, 45.03, 
45.45, 46.47, 47.30. 60.42, 60.64, 63.91, 77.20. 113.76, 116.09, 116.48, 118.07, 123.97, 126.14, 126.34, 132.41, 
132.74, 132.88, 157.80, 160.29, 160.84, 161.53, 162.26, 163.03, 172.29, 174.90 
MS: [M+HJ+ calculated: 547.330, found: 547.4 
HRMS: C29H44FN 4 0 5 [M+HJ+ calculated: 547.3295, found: 547.3309 

35 

[Example 14] 

N-(N-(4-(4-hydroxy-1 -piperitirK)imktoyQ-24luorobenzo^^ acid 

40 



45 




50 

The same procedure as in Example 2 was performed with ethyl N-{N-(4-(4-hydraxy-1 -piperidineimidoyt)-2-f luor- 
obenzoyl)-p-ethyl-a,a-dimethyl-p-alanyQ-4-piperkjineace1ae (200 mg, 0.37 mmol) prepared in Example 13 to give the 
titled compound (162 mg, 86%). 

55 NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.91-1.04, m, 3H: 1.12-1.28, m, 2H: 1.26, s, 3H: 1.34, s, 3H: 1.50-1.67. m, 3H: 
1.74-1.95, m, 4H: 2.09, br-s, 2H: 2.26, br^j, J=6.4Hz, 2H: 2.70-3.10, m, 2H: 3.30-3.38. br-s, 1H: 3.55-3.74, m, 2H: 
3.90-4.08, m, 2H: 4.42, br-s, 1H: 4.53, br^J, J=12.0Hz, 2H: 7.51, br-d, J=7.6Hz, 1H:7.57, br< J=10.0Hz, 1H:7.84, 
m, 1H 
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13 C (100MHz:CD 3 OD:25°C) 12.68, 24.03, 24.65, 25.20, 34.02, 34.15, 34.31, 35.15, 35.35, 42.32, 45.67, 47.37, 
47.68, 59.66. 66.08, 118.14, 118.40. 126.12, 129.66, 129.83, 133.34, 135.13, 135.21, 160.30, 162.80, 164.81. 
167.17, 176.79, 176.98 
MS: [M+HT calculated: 519.298, found: 519.3 
5 HRMS: C27H40FN4O5 [M+HT calculated: 519.2982. found: 519.2981 

HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a Wakosil-115C18HG column (04.6 x 250 mm) 
10 at a flow rate of 1.0 ml/min at room temperature with elution in a gradient of 10-55% acetonitrile in 0.1% TFA (30min). 
As a result, a spectrum having a single peak at a retention time of 18.62 min was obtained. 

[Example 15] 

is Ethyl N-(N-(4-{3-thiazolidirttimidoy1)-24luo 



20 



25 



0 S o 



The same procedure as in Example 3 was performed with ethyl N-(N-(4-cyano-24luorobenzoyO-p-ethyl-a r a<iime- 
thyl-p-alanyO-4-piperidineacetate (1.48 g, 3.3 mmol) using thiazolidine (2.5 ml) as the amine component to give the 
30 titled compound (31 4.mg, 23%). 

NMR: 1 H (400MHz: CDCI3: 25°C) 0.92, t, J=7.2Hz, 3H: 1 .16, br-q, J=12.0Hz, 2H: 1.24, t, J=7.2Hz, 3H: 1.30, s, 3H: 
1.35, s, 3H: 1.59-1.73, m, 2H: 1.78, br-d, J=12.0Hz, 2H: 1.97-2.09. m, 1H: 2.23, d, J=6.8Hz, 2H: 2.70-2.93, m, 2H: 
3.05, t, J=6.4Hz, 1H: 3.31, t J=6.0Hz, 1H: 3.72, t J=5.6Hz, 1H: 4.02-4.08, m, 2H: 4.12, q, J=6.8Hz, 2H: 4.37, br- 

35 d, J=13.2Hz, 2H: 4.41, s. 1H: 4.79, s, 1H: 7.34, t J=8 4Hz, 1H: 7.38, t, J=8.0Hz. 1H: 7.98, q. J=8.0Hz, 1H 

13 C (100MHz:CDCl325 o C) 11.65, 14.34, 23.99, 24.10, 24.23, 30.23, 30.54, 32.11, 32.29, 33.25, 40.95, 45.24, 
45.55, 46.65, 51.06. 51.79. 54.42. 55.23, 60.51, 61.06, 61.14, 114.57, 115.85, 115.98. 116.13, 116.26, 117.44, 
123.61, 123.70, 123.73, 126.83, 126.95, 132.79, 132.88, 133.03, 158.63, 160.73, 161.12, 161.32, 161.61, 162.71, 
162.80, 172.31, 175.11 

40 MS: [M+HT calculated: 535.275, found: 535.4 

HRMS: C27H40FN4O4S [M+HT calculated: 535.2754, found: 535.2750 



[Example 16] 



45 N-(N-(4-(3-thizolidinoimidoyl)-2-ffo acid 



so 




COOH 



55 

The same procedure as in Example 2 was performed with ethyl N-(N-(4-(3-thiazolydinoimidoyl)-2-f luorobenzoyl)-p- 
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ethyl^aHdimethyl-p-alanyO-4-piperidineacetate (150 mg, 0.28 mmol) prepared in Example 15 to give the titled com- 
pound (101 mg, 71%). 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97, t J=7.6Hz, 3H: 1.12-1.28, m, 2H: 1.26, s, 3H: 1.34, s. 3H: 1.49-1.62, m, 
5 2H: 1.84, br-t. J=1 1.2Hz, 2H: 1.98-2.12, m, 1H: 2.26. d. J=7.6Hz, 2H: 2.69-3.08, m, 2H: 3.13. t, J=6.4Hz, 1H: 3.38, 

t. J=6.4Hz, 1H: 3.79, t J=6.0Hz, 1H: 3.92, t J=6.0Hz, 1H: 4.42, dd, J=8.8Hz, 4.8Hz, 1H: 4.52, br< J= 14.8Hz, 2H: 
4.56, s, 1H: 4.71, s, 1H: 7.57, ddd, J=7.6Hz, 4.0Hz, 1.6Hz, 1H: 7.61, ddd, J=9.6Hz, 4.0Hz, 1.6Hz, 1H: 7.85, t 
J=7.6Hz, 1H 

13 C (100MHz:CD 3 OD:25°C) 12.68, 24.05. 24.65, 25.20, 31.81, 34.02, 35.15, 47.33. 47.77, 52.31, 53.68, 55.98. 
10 57.24, 59.68, 117.14, 117.34, 117.85, 117.98, 118.11, 118.23, 125.82, 125.95, 129.90, 130.07, 133.36, 135.11, 
135.21, 135.72, 160.21, 162.71, 162.99, 163.44, 163.73. 167.10, 076.79, 176.98 
MS: [M+HT calculated: 507.244, found: 507.2 
HRMS: CasH^FN^S [M+HT calculated: 507.2441, found: 507.2426 

75 HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HQ column (04.6 x 250 mm) 
at a flow rate of 1 .0 mi/min at room temperature with elution in a gradient of 10-55% acetonrtrile in 0.1% TFA (30min). 
As a result, a spectrum having a single peak at a retention time of 20.97 min was obtained. 

20 

[Example 17] 

Ethyl N-(N-(4-(1-hexamethyleneiminoimicfoy^ 



30 




35 

The same procedure as in Example 3 was performed with ethyl NKN-(4-cyano-24luorobenzoyO-p-ethyl-a,a-dime- 
thyl-0-alanyl)-4-piperidineacetate (1 48 g, 3.3 mmol) using hexamethyleneimine (3.7 ml) as the amine component to 
give the titled compound (469 mg, 26%). 

40 NMR: 1 H (270MHz: CDCI 3 : 25°C) 0.95. t J=9.7Hz, 3H: 1.18, b^q, J=12.4Hz. 2H: 1.26, t. J=6.8Hz, 3H: 1.31, s. 3H: 
1.36, s, 3H: 1.52-1.87, m, 10H: 1.87-2.16, m, 3H: 2.25, d, J=6.8Hz, 2H: 2.65-3.00, m. 2H: 3.41, br-t J=5.4Hz, 2H: 
3.74-3.86, m, 2H: 4.13, q, J=7.3Hz, 2H: 4.0&4.22, m, 1H: 4.42. br-d, J=13.2Hz, 2H: 7.20-7.37, m, 2H: 7.98, t 
J=7.8Hz. 1H 

13 C (67.5MHz:CDCl325 0 C) 11.51, 14.20, 23.70, 23.84, 23.96, 25.17, 26.33, 27.40, 28.84, 32.00, 32.15, 33.13. 
45 40.83, 45 04, 45.39, 46.56, 50.46. 51.88, 60.28, 60.36, 77.20. 115.61. 116.01, 123.45. 123.50, 125.82. 126.02, 
132.56, 133.11. 133.23, 157.82, 160.55. 161.10. 161.54, 162.87, 163.13, 172.22, 174.75 
MS: [M+HT calculated: 545.350. found: 545.3 
HRMS: C^H^N^ [M+HJ* calculated: 545.3502, found: 545.3512 

50 



55 
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[Example 18] 

N-(N-(4-(1 -hexamethyleneirninoimidoyl)-2-fluo^ acid 

s 



10 




COOH 



15 

The same procedure as in Example 2 was performed with ethyl N-(N-(4-(1 4iexamethyleneimirK>imki^ 
obenzoyQ-p-ethyta,a-rfmethyl-p^ (150 mg, 0.28 mmoQ prepared in Example 17 to give the 

titled compound (103 mg, 72%). 

20 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97, t, J=7.6Hz, 3H: 1.13-1.28, m, 2H: 1.26, s, 3H: 1.34, s, 3H: 1.48-1.60, m. 
2H: 1.60, 1.72, m, 4H: 1.72-1.79, m ( 2H: 1.85, br-t, J=11.6Hz, 2H: 1.91-2.01, m, 2H: 2.01-2.13, m, 1H: 2.26, d, 
J=7.6Hz, 2H: 2.74-3.09, m, 2H: 3.47, t J=-5.6Hz, 2H: 3.74, t, J=6.0Hz, 2H: 4.42, t, J=5.6Hz, 1H: 4.52, br< 
J=13.2Hz, 2H: 7.49, dd, J=8.0Hz, 1.6Hz, 1H: 7.55, dd, J=10.4Hz, 1.6Hz, 1H: 7.84, t, J=6.8Hz, 1H 
25 13 C (100MHz:CD 3 OD:25°C) 12.68. 24.03, 24.65, 25.22, 27.14, 28.04, 2958, 30.38, 34.04, 34.15, 35.15, 42.34, 
47.35, 47.70, 52.05, 54.04, 59.62, 117.63, 117.81, 118.07, 125.79, 129.26, 129.41, 133.30, 135.52, 135.61, 
165.60. 167.21, 176.81. 176.99 
MS: [M+HT calculated: 517.319, found: 517.4 
HRMS: C28H42FN4O4 [M+HT calculated: 517.3189, found: 517.3177 

30 

HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a WakosiM 1 5C18HG column (04.6 x 250 mm) 
at a flow rate of t.O ml/min at room temperature with elution in a gradient of 10-55% acetonrtrile in 0.1% TFA (30min). 
35 As a result a, spectrum having a single peak at a retention time of 23.23 rrtin was obtained. 

[Example 19] 

Ethyl N-(N-(4-(N-thio<T)orpholinoir^ 

40 



45 




50 



The same procedure as in Example 3 was performed with ethyl N^N-(4-cyarK>2^lucfobenzcyQ-p-eArTyl-a t a-dime- 
thyl-p-alanyO-4-piperidineacetate (1 .48 g. 3.3 mmol) using thiomorpholine (3.3 ml) as the amine component to give the 
titled compound (275 mg, 15%). 

NMR: 1 H (270MHz: CDCI3: 25°C) 0.94, t, J=7.6Hz. 3H: 1 .18, br-q, J=13.2Hz. 2H: 1 .26. t, J=6.8Hz, 3H: 1 .31. s. 3H: 
1.37. s, 3H: 1.55-1.89, m, 4H: 1.95-2.15. m. 1H: 2.25, d, J=6.8Hz, 2H: 2.58-2.70, m, 2H: 2.72-3.00, m, 4H: 3.60- 
3.73. m. 2H: 3.85*4.26, m, 3H: 4.13, q. J=6.8Hz, 2H: 4.40, br-d, J=12.4hz, 2H: 7.25-7.39, m, 2H: 8.00, t, J=8.9Hz, 
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1H 

13 C (67.5MHz:CDCl325 0 C) 11.54, 14.22, 23.84, 24.06, 26.68, 27.97, 31.97, 32.15, 33.12, 40.82, 45.04, 45.39, 
46.47, 50.05, 52.83, 60.41, 60.68, 77.20. 114.07, 116.10, 116.50. 118.39, 123.85. 123.89, 126.39. 126.58, 132.34, 
132.48, 132.74. 157.92, 160.80, 161.35, 161.64, 162.71, 163.16, 172.24, 174.81 
s MS: [M+Hf calculated: 549.291 , found: 549.4 

HRMS: C2 8 H42FN 4 04S [M+H]* calculated: 549.2910, found: 549.2931 

[Example 20] 

10 N-(N-(4-(N-thiomorpholinrimkl(^ acid 



15 




20 



The same procedure as in Example 2 was performed with ethyl N^N^4^N-thiomorpholinamk^ 
zoyQ-p-ethy1-a,a<limeth^ (50 mg, 0.091 mmd) prepared in Example 19 to give the titled 

25 compound (40 mg, 84%). 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97, t, J=7.2Hz, 3H: 1.16-1.27, m, 2H: 1.26, s. 3H: 1.34, s, 3H: 1.53-1.61, m, 
2H: 1.85, br-t, J=11.8Hz, 2H: 2.01-2.13, m, 1H: 2.26, d, J=7.2Hz, 2H: 2.71-2.74, m, 2H: 2.94-2.96, m, 2H: 2.80- 
3.02, m, 2H: 3.68-3.71, m, 2H: 4.05-4.08, m f 2H: 4.41, dd, J=4.8Hz, 8.8Hz, 2H: 4.52, br-d. J=13.2Hz, 2H: 7.53. dd. 

30 J=1 .2Hz, 7.6Hz. 1 H: 7.59. dd. J=1 .6Hz. 1 0.4Hz, 1 H: 7.85, t, J=7.2Hz, 1 H 

13 C (100MHz:CD 3 OD:25 o C) 12.68. 24.05. 24.65. 25.22, 28.00, 29.28, 34.02, 24.13. 35.15, 42.32, 47.37, 47.70, 
51.74, 55.09, 59.71, 118.23, 118.49, 126.71, 129.70, 129.85, 133.45, 134.84, 134.93, 160.35, 162.86, 165.49, 
167.08, 176.79, 176.99 
MS: [M+Hp calculated: 521.260, found: 521 .3 

35 HRMS: C^HaaFN^S [M+HT calculated: 521.2597. found: 521.2598 

HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HG column (04.6 x 250 mm) 
40 at a flow rate of 1 .0 ml/min at room temperature with elution in a gradient of 1 0-55% acetonitrile in 0. 1% TFA (30min). 
As a result, a spectrum having a single peak at a retention time of 21 .49 min was obtained. 

[Example 21] 

45 Ethyl N-(N-(4-(4-methyl-1-piperazirra 




The same procedure as in Example 3 was performed with ethyl NKN-(4-cyano-24luorobenzoyQ-p-ethyl-a,a-dime- 
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thyl-p-alanyO-4-piperidineacetate (1 .48 g, 3.3 mmol} using 1-methylpiperazine (3.7 ml) as the amine component to give 
the titled compound (51 4 mg, 28%). 

NMR: 1 H (270MHz: CDCfe: 25°C) 0.90, t, J=7.3Hz, 3H: 1.03-1.40, m, 2H: 1.25, t, J=7.3Hz, 3H: 1.28, s, 3H: 1.32, 
s s. 3H: 1.48-1.92, m, 4H: 2.03, br-s, 1H: 2.23, d, J=6.5Hz, 2H: 2.65-3.00, m, 2H: 2.88, s, 3H: 3.42, brs, 2H: 3.61. 

br-s, 2H: 3.78, br-s, 2H: 3.95-4.17, m, 1H: 4.1 1, q, J=6.8Hz, 2H: 4.19-4.50, m, 4H; 7.44; m, 2H: 7.86, m, 1H 
13 C (67.5MHz:CDd325°C) 11.42, 14.15, 23.75, 23.92, 31.86, 32.02, 33.03, 40.76, 42.87, 43.83, 45.00, 45.48. 
46.39, 46.82, 51.28. 51.87, 60.42, 60.70, 77.20, 113.90, 116.65, 117.03, 118.18, 124.38, 126.83, 127.03, 131.38, 
131.50. 132.22, 157.66. 160.44, 160.98, 161.39, 161.51, 162.05, 162.98. 164.10. 172.27, 174.88 
ro MS: [M+HT calculated: 546.346, found: 546.4 

HRMS: C29H45FN5O4 [M+Hf calculated: 546.3455, found: 546.3443 

[Example 22] 

15 N-(N-(4-(4-methyl-1 -piperaanoimidoyQ-2^luorobere acid 



20 




25 



The same procedure as in Example 2 was performed with ethyl N-(N^4-(4-methyl-1-p|peiBzinoimidoyl)-2-fluor- 
30 obenzoyQ-p-e1riyt-a.a-cfimethyl-p-alar^ (60 mg, 0.11 mmol) prepared in Example 21 to give the 

titled compound (43 mg, 76%). 

NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.97, t J=7.6Hz, 3H: 1.14-1.27, m. 2H: 1.26, s, 3H: 1.34, s. 3H: 1.50-1.63, m, 
2H: 1.84, br-t, J=10.0Hz, 2H: 2.01-2.13, m, 1H: 2.25, d, J=6.8Hz, 2H: 2.78^3.02, m. 2H: 2.93, s, 3H: 3.36, br-s, 2H: 
35 3.54, br-s, 2H: 3.74, br-s, 2H: 4.09, br-s, 2H: 4.40, dd, J=4.4Hz, 10.0Hz f 1H: 4.51, br-d, J=13.6Hz, 2H: 7.56. dd, 
J=1.2Hz, 7.6Hz, 1H: 7.61, dd, J=1.2Hz; 10.0Hz, 1H: 7.88, t, J=7.2Hz, 1H 

13 C (100MHz:CD 3 OD:25°C) 12.68, 24.12, 24.67, 25.18, 34.02, 34.11, 35.13, 42.32, 44.59, 45.87, 47.73, 53.53, 
54.39, 59.87, 118.58, 118.86. 126.56, 130.34, 133.60, 133.94, 162.84, 163.79, 166.61, 166.90, 176.79, 176.99, 
186.89, 

40 MS: [M+HT calculated: 518.314, found: 518.4 

HRMS: C27H 41 FN^0 4 [M+HJ* calculated: 518.3142, found: 518.3125 

HPLC analysis: 

45 Trie compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HG column (04.6 x 250 mm) 
at a flow rate of 1 .0 ml/min at room temperature with elution in a gradient of 1 0-55% acetonrtrile in 0. 1% TFA (30min). 
As a result a spectrum having a single peak at a retention time of 16.69 min was obtained. 



50 
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[Example 23] 

Ethyl N-(N-(4-(4-phenyl-1-piperazinamti^ 



5 




HN 




COOEt 



w 



F 



is 



The same procedure as in Example 3 was performed with ethyl N^N^4-cyarx>-24luorobenzoyQ-p-ethyl-a,a<lime- 
thyl-p-alanyf)-4«pperidineacetate (1 .48 g, 3.3 mmol) using 1 -phenylpiperaztne (5.0 g) as the amine component to give 
20 the titled compound (237 mg, 1 2%). 

NMR: 1 H (270MHz: CDCI3: 25°C) 0.94, t, J=7.3Hz, 3H: 1.09-1.22, m, 2H: 1.26, t, J=7.0Hz, 3H: 1.31, s, 3H: 1.36, 
s, 3H: 1.57-1.22, m, 2H :1.79, br< J=11.3Hz, 2H: 1.95-2.12, m, 1H: 2.24, d. J=7.0Hz, 2H: 2.71-2.91, m, 2H: 3.21, 
br-s, 2H: 3.43, br-s, 2H: 3.57, br-s, 2H: 4.04-4.20, m, 3H: 4.13, q, J=7.1 Hz, 2H: 4.40, br-d, J=13.5Hz, 2H: 6.90-6.98, 
25 m, 3H: 7.26-6.99, m, 4H: 8.00, t, J=7.3Hz, 1H 

13 C (67.5MHz:CDC^25°C) 11.60, 14.30, 23.83, 24.00. 24.13, 31.99, 32.21, 33.14, 40.87, 45.29, 45.62, 46.56, 
46.91, 49.00, 49.81, 50.02, 60.57, 61.19, 116.42, 116.80, 117.41, 122.54, 124.24, 126.62, 126.82, 129.66, 132.12, 
132.25, 132.84, 148.84, 157.99, 160.42, 160.97, 161.72, 162.94, 163.11, 172.37, 175.17 
MS: [M+Hf calculated: 608.361 , found: 608.4 



N-(N-(4-(4^henyl-1^iperazirK>ir^ acid 



The same procedure as in Example 2 was performed with ethyl N-(N-(4-(4^henyl-1 ^iperazirrcirru 
obenzoy1)-p-ethy1^,a<iimethy^ (50 mg, 0.082 mmol) prepared in Example 23 to give the 

titled compound (41 mg, 86%). 

so NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.98, t, J=6.8Hz, 3H: 1.14-1.31, m, 2H: 1.27, s, 3H: 1.35, s, 3H: 1.52-1.64, m, 
2H: 1.79-1.92, m, 2H: 2.06, br-s, 1H: 2.26, d, J=6.4Hz, 2H: 2.60-3.10, m, 2H: 3.48, br-s, 2H: 3.62, br-s, 2H: 3.96, 
br-s. 2H: 4.37^4.46, m, 1H: 4.52, br<J, J=12.8Hz, 2H: 6.89, t, J=7.2Hz, 1H: 6.99, d, J=7.6Hz, 2H: 7.27, t. J=7.6Hz, 
2H: 7.56, d, J=7.6Hz, 1H: 7.62, d, J=9.6Hz, 1H: 7.87, t, J=7.6Hz, 1H 

13 C (100MHz:CD 3 OD:25°C) 12.68. 24.18, 24.73, 25.28, 34.05. 34.13. 35.15. 42.34, 47.33, 47.73. 51.89. 60.02, 
55 111.32, 118.49, 118.62, 118.75, 122.79, 126.46, 129.76, 131.09. 133.47, 134.73. 134.82. 152.38, 157.85. 160.39, 
162.89, 165.42, 166.97, 176.77, 177.07 
MS: [M+HT calculated: 580.330. found: 580.3 
HRMS: C32H43FN504 [M+HT calculated: 580.3298, found: 580.3310 



30 



[Example 24] 



35 



40 




45 



28 



EP0852 225A1 



HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a Wakosil-1 15C18HG column (04.6 x 250 mm) 
at a flow rate of 1 .0 ml/min at room temperature with elution in a gradient of 1 0-55% acetonrtrile in 0. 1% TFA (30inin). 
5 As a result, a spectrum having a single peak at a retention time of 26.52 min was obtained. 

[Example 25] 

Ethyl N-(N-(4-{4-(44luoropheny^ 
w tate 



15 



20 




25 The same procedure as in Example 3 was performed with ethyl N-{N-(4-cyano-2-f luorobenzoyf)-p-ethyl-a l a-dime- 
thyl-p-alanyl)-4-piperidineacetate (1.48 g, 3.3 mmol) using 1-(4-fluorophenyf)piperazine (5.9 g) as the amine compo- 
nent to give the titled compound (396 mg, 1 9%). 

NMR: 1 H (400MHz: CDCI3: 25°C) 0.92, t J=7.2Hz, 3H: 1.16, br-q, J=12.0Hz, 2H: 1.24, t J=7.0Hz, 3H: 1.30. s, 3H: 
30 1.35, s, 3H: 1.60-1.72, m, 2H: 1.78, br-d, 11.6Hz, 2H: 1.97-2.08, m, 1H: 2.23, d, J=6.8Hz, 2H: 2.82, br-s, 2H: 3.15, 
m, 2H: 3.37, m, 2H: 3.59, m, 2H: 4.02-4.14, m, 3H: 4.11, q, J=7.2Hz, 2H: 4.35, br-d. J=12.4Hz. 2H: 6.92, dd, 
J=4.4Hz, 9.6Hz. 2H: 6.99. t, J=8.4Hz, 2H: 7.33, dd. J=10.8Hz, 14.0Hz, 2H: 7.96, t, J=7.2Hz, 1 H 
13 C (67.5MHz:CDCl325 0 C) 11.60, 14.28, 23.83, 24.00, 24.14. 31.99, 32.21, 33.14, 40.86. 45.20. 45.56, 46.53. 
46.98,49.81.49.96, 50.80.60.57, 61.19, 115.99, 116.32. 116.42, 116.81, 119.36, 119.49. 124.25. 126.59, 126.79, 
35 132.14, 132.26. 132.80, 145.74. 145.77. 156.79, 157.96, 160.35, 160.97, 161.69. 162.94. 163.11. 172.36. 175.14 
MS: [M+H] + calculated: 626.352. found: 626.4 

[Example 26] 

40 N-(N-(4-(4-(44luorophenyQ-1-piperaM 
acid 




COOH 



The same procedure as in Example 2 was performed with ethyl N-{N-{4-(4-(4-fluorophenyl)-1 -piperazinoimidoyl)-2- 
fluorobenzoyl)-p-ethy-a,a<Jimethyl-p-aIanyl)-4-pperidineacetate (80 mg, 0.13 mmol) prepared in Example 25 to give 
the titled compound (55 mg, 72%). 
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NMR: 1 H (400MHz: CD 3 OD: 25°C) 0.98, t J=7.6Hz, 3H: 1.15-1.28, m, 2H: 1.26, s, 3H: 1.35, s, 3H: 1.51-1.62, m, 
2H: 1.84, br-t, J=1 1.2Hz, 2H: 1.98-2.15. m, 1H: 2.25. d. J=7.2Hz, 2H: 2.75-3.07. m. 2H: 3.20, t J=4.8Hz, 2H: 3.40, 
t, J=4.8Hz, 2H: 3.61, t, J=4.4Hz, 2H: 3.95, t, J=48Hz, 2H: 4.41, dd, J=5.2Hz, 9.6Hz, 1H: 4.52, br«t J=1 3.2Hz, 2H: 
7.01, d, J=6.8Hz, 4H: 7.56. dd, J=1.2Hz, 7.6Hz, 1H: 7.61, d, J=10.4Hz, 1H: 7.87, t J=*6.8Hz, 1H 
5 13 C (100MHz:CD 3 OD25°C) 12.68, 24.09. 24.67, 25.20, 34.04, 34.13, 35.15. 42.32, 47.31, 47.73, 50.86, 51.89, 

51.96, 59.77, 117.27, 117.48, 118.49, 118.75, 120.67, 120.76, 126.46, 129.77, 129.92, 133.41, 134.71, 134.80, 
149.14, 165.40, 167.06, 176.79. 176.98 
MS: [M+H]+ calculated: 598.320, found: 598.1 

w HPLC analysis: 

The compound obtained was subjected to analytical HPLC using a Watosil-1 15C18HG column (04.6 x 250 mm) 
at a flow rate of 1 .0 ml/min at room temperature with elution in a gradient of 1 0-55% acetontoile in 0. 1% TFA (30min). 
As a result a spectrum having a single peak at a retention time of 27.32 min was obtained. 

15 

[Example 27] 

Benzyl N-(N-(4-(4-morpholirK>imido^^ 



20 



25 




The same procedure as in Example 1 was performed with benzyl N-(N-p-ethyl^,a-dimethyl-p-alanyO-4i3iperidine- 
acetate (0.5 g, 0.98 mmol) which had been prepared by condensation of N-BOC-p-ethyl-a.a-dimethyl-p-alanine with 
benzyl 4-piperidineacetate in the same manner as in Example 1 to give the titled compound (270 mg, 44%) in a powder 
35 form. 

NMR: 1 H (270MHz: CDd 3 : 25°C) 0.73-1.38, m, 2H: 1.30, s, 3H: s, 3H: 1.45. s. 3H: 1.63-1.82, m, 2H: 1.92-2.12, m, 
1H: 2.25, d, J=7.6Hz, 2H: 2.32-2.88, m, 2H: 3.28-3.42, m, 2H: 3.58-3.73, m, 2H: 3.81^.05, m, 4H: 4.16-4.45, m, 
2H: 5.05-5.16, m, 1H: 5.10, s, 2H: 7.20-7.49, m, 12H: 7.79-7.91, m, 2H: 
40 13 C (67.5MHz:CDd355°C) 24.93. 2651, 29.68. 31.74, 32.04, 32.09, 32.95, 32.99, 40.62, 45.42. 45.65. 46.93, 
47.42, 50.14, 62.84, 65.74, 66.30. 77.20. 127.10, 127.67, 128.22, 128.31, 128.57, 128.95, 129.76, 130.83, 135.77, 
135.93, 138.49, 139.19, 161.57, 164.42, 164.83, 171.93, 175.42 
MS: [M+HT calculated: 625.338, found: 625.4 
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[Example 28] 

N-(N-(4-(4-irorpholint>™ acid 



5 



10 




COOH 



is 

Benzyl N-(N-(4^4-morpholinoimidoy0ben (54 mg, 0.086 

mmol) prepared in Example 27 was dissolved in a 80% aqueous methanol solution containing 2% acetic acid (10 ml). 
To the resultant solution was added 5% palladium carbon (1 0 mg) and the mixture was stirred overnight in a hydrogen 
20 atmosphere. After distilling off the solvent from the mixture solution, the residue was dissolved in a 1 N aqueous acetic 
acid solution and then purified by HPLC in the same manner as in Example 2 to give the titled compound (32 mg, 68%). 

NMR: *H (400MHz: CD 3 OD: 25°C) 1.07. dq. J=1.4Hz, 9.2Hz, 1H: 1.22, dq, J=1.3Hz, 9.2Hz, 1H: 1.30. s. 3H: 1.35, 
s, 3H: 1.74-1.85, m, 2H: 1.93-2.08, m. 1H: 2.13-2.24. m, 2H: 2.80-2.97, m, 2H: 3.44, t, J=4.4Hz. 2H: 3.73, t, 
25 J=4.8Hz, 2H: 3.80, t J=3.6Hz, 2H: 3.92. dd. J=3.6Hz. 5.6Hz, 2H: 4.50. br-t. J=9.2Hz, 2H: 5.57, s, 1H: 7.26-7.35, 
m, 4H: 7.43. br-6, J=8.8Hz. 1 H: 7.72, d, J=8.0Hz, 2H: 7.98, dt, J=8.4Hz, 2.0Hz. 2H 

13 C (100MHz:CD3OD:25°C) 25.29. 25.99. 33.89. 33.94. 35.02. 42.28, 47.61, 47.75. 47.92, 48.67, 52.18, 61.98, 
67.10, 68.11, 129.57, 129.96, 130.36, 130.35, 133.65, 140.56, 140.66, 144.75, 163.30, 164.47, 166.92, 169.00, 
176.79. 176.92 
30 MS: [M+Hf calculated: 535.292, found: 535.3 

HRMS C30H39N4O5 [M+Hf calculated: 535.2920, found: 535.2935 

HPLC analysis: 

35 The compound obtained was subjected to analytical HPLC using a WakosiH 1 5C18HG column (04.6 x 250 mm) 
at a flow rate of 1.0 ml/min at room temperature with elution in a gradient of 10-55% acetonrtrile in 0.1% TFA (30min). 
As a result a spectrum having a single peak at a retention time of 23.61 min was obtained. 

[Example 29] 

40 

Methyl N-(N-(4-(1^yrrolidirx)imidoyl)^ 



45 




COOMe 



50 



N-BOC-p-ethyl-a,a-dimethyl-p-alanine was condensed with methyl 4-piperidineacetate in the same manner as in 
55 Example 1 to give methyl N-(N-p-ethyl^,a<limethyl-p-alanyl)-4-piperidineacetate. This compound was used to give 
methyl N-(N-(4-cyano-2-f luorobenzoyO-0-ethyl-a,aKiimeth^ in the same manner as in the 

first step of Example 3. Subsequently, the same procedure as in the second step of Example 3 was performed with the 
compound thus obtained (1.0 g. 2.3 mmol) using pyrrolidine (1.9 ml) as the amine component to give the titled com- 
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pound (248 mg, 21%). 

NMR: 1 H (400MHz: CDCI3: 25°C) 0.92, t J=7.4Hz, 3H: 1.15, q, J=12.6Hz, 2H: 1.29, s. 3H: 1.34, s. 3H: 1.161-1.69, 
m, 2H: 1.77, br-d, J=12Hz, 2H: 1.96, br-t, J=6.6Hz, 2H: 1.98-2.07, m, 1H: 2.13, br-t, J=6.4Hz, 2H: 2.24, d, J=7.2Hz, 
s 2H: 2.81 , br-s, 2H: 3.41 , t J=6.6Hz. 2H: 3.65, s, 3H: 3.73, m, 2H: 4.08, br-t, J=8.8Hz, 1 H: 4.38, br-d, J=12.8Hz, 2H: 

7.31, br-d, J=10.8Hz, 1H: 7.36, br-d, J=8.0Hz, 1H: 7.98, t, J=7.6Hz, 1H 

13 C (100MHz:CDCl325 o C) 11.65, 23.96, 24.05, 24.16. 24.96, 25.60. 32.11, 32.29, 33.23, 40.67, 45.19, 45.50, 
46.67, 49.28, 51.59, 52.27, 60.81, 115.87, 116.13, 123.66, 123.70. 126.26, 126.39, 132.77, 133.35, 133.45, 
158.59. 161.10, 162.85, 172.73, 175.00 
10 MS: [M+HT calculated: 503.303, found: 503.4 

[Comparative Example 1] 

Ethyl N-(N^^midirx>-2-fluorober^ 

15 

NH 0/0 
F 



25 

The same procedure as in Example 3 was performed with ethyl N-(N-(4<yarK>24luorobenzoyQ-p-ethyi-a,a-dime- 
thyl-p^lanyO-4-pperididineacetate (0.42 mg, 0.94 mmol) using ammonium acetate (500 mg) as the amine component 
to give the titled compound (200 mg, 48%). MS: (M+H] + calculated 463.272, found 463.4 

30 [Experimental Example 1] 

Platelet Aggregation-Inhibiting Ability of the Compounds of the Present Invention 

(Measurement of in vitro Human Platelet Aggregation using PRP) 

35 

Healthy male volunteers who had not taken any medicines for at least two weeks were selected as subjects. Blood 
was collected from the forearm vein of each subject on an empty stomach using a #1 9 needle and a plastic syringe pre- 
liminarily charged with 1/1 0 volume of a 3.8% sodium citrate solution. Immediately after the blood collection, the syringe 
was shaken gently to mix the blood with the sodium citrate solution. The mixed blood was cerrtrrfuged (1 100 rpm, 250 

ao g) at room temperature for 15 minutes and the rotation was stopped without applying the brake. Then, the supernatant 
was collected with a graduated pipette to obtain platelet-rich plasma (PRP). The PRP was stored at room temperature. 
The blood remaining after the centrifugation was further centrifuged (3500 rpm, 1500 g) at room temperature for 15 
minutes and the rotation was stopped without applying the brake. The supernatant was collected to obtain platelet-poor 
plasma (PPP). After the preparation of the PRP, the number of platelets was counted and only samples containing 2 x 

as 1 0 8 or more of platelets per milliliter were subjected to the following experiments. 

Platelet aggregation was measured using an 8-channel aggregometer (Hematracer, Nikon Bioscience, Tokyo, 
Japan) on the basis of the change in light transmittance through the PRP as follows. 

First, the PPP and PRP (each 200 ul) were placed in glass cuvettes and incubated at 37°C. Thereafter, the trans- 
mittance was measured. The transmittance of the PPP was defined as 100% and that of the PRP as 0%. 

so Then, 10 jJ of physiological saline or a sample-containing physiological saline was added to the PRP and incu- 
bated at 37°C for one minute. A collagen solution (10 pJ) at a concentration of 100 ug/rnl was added to the PRP-con- 
taining solution (final concentration: 5 ug/ml) to induce aggregation and thereafter the transmittance was measured 
over 7 minutes. After the aggregation with collagen and ADP was confirmed, only those samples in which the maximum 
percent aggregation with collagen was at least 70% were subjected to the experiment. 

55 The sample was dissolved in physiological saline to give a concentration of 2.2 x 1 0" 2 M and a 2-fold dilution series 
was prepared for use in the experiments. The samples insoluble in the physiological saline were dissolved in physiolog- 
ical saline containing 10% DMSO (dimethyl sulfoxide). 
The results were calculated as follows: 
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Percent Aggregation inhibition 



Maximum percent aggregation upon the addition of sample x 1 qq 
Maximum percent aggregation upon the addtion of physiological saline 



A graph was constructed by plotting the percent of aggregation inhibition against the sample concentration and the 
concentration at which the aggregation was inhibited by 50% (IC50) was calculated from the graph. IC50 of each sample 
is shown in Table 1. 



10 


Table 1 






Platelet Aggregation-Inhibiting Activity of the Compounds of 
the Present Invention 




Compound 


Activity (IC50, pM) 


15 


The Compound Prepared in Ex.2 


0.22 




The Compound Prepared in Ex.4 


0.15 




The Compound Prepared in Ex.8 . 


0.22 


20 


The Compound Prepared in Ex.10 


0.087 


The Compound Prepared in Ex.12 


0.12 




The Compound Prepared in Ex.14 


0.052 




The Compound Prepared in Ex.16 


0.043 


26 


The Compound Prepared in Ex.18 


0.23 




The Compound Prepared in Ex.20 


0.12 




The Compound Prepared in Ex.22 


0.069 


30 


The Compound Prepared in Ex.24 


0.057 




The Compound Prepared in Ex.26 


0.087 




The Compound Prepared in Ex.28 


0.24 



35 Table 1 shows that the compounds of the present invention have a high platelet-aggregation inhibiting activity. 
The compounds prepared in Examples 1,3, 5, 7, 9, 11, 13, 15, 17, 19, 21,23, 25, 27 and 29 are prodrugs. 

[Experimental Example 2] 

40 Time Course of the Concentration in Plasma after Oral Administration (Oral Administration Test) 

Male SD rats which had been starved from the previous day were used in this experiment Two test substances, the 
compounds of Example 4 and Comparative Example 1, were dissolved in distilled water and administered into the 
stomach of rats with an oral probe. Each compound was administered to each rat in an amount of 1 0 mg per kg of body 

45 weight Blood samples were collected 30, 60 and 1 20 minutes after the administration. The concentration of each com- 
pound which was in an active state (i.e., free carboxylic acid) in plasma was determined by HPLC. 

The results are shown in Figure 1 . In this Figure, the horizontal axis represents the time after the oral administration 
and the vertical axis represents the concentration of the active form of each compound in plasma. Each point repre- 
sents the mean value tor three rats and the standard error. The compound of Example 4 within the scope of the inven- 

50 tion revealed a significantly higher concentration in plasma than the compound of Comparative Example 1 at every 
point of determination. When the peak values at 30 minutes after the oral administration are compared, the cfifference 
was about 1 0 times as great. This shows that the compound of Example .4 (i.a a compound of the invention) dearly has 
a higher bioavailability than the compound of Comparative Example 1 . 

55 [Experimental Example 3] Acute Toxicity Test 

The compounds of the present invention were intravenously injected into mice in an amount of 1 g/kg but no toxicrty 
was observed. 
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[Formulation Example 1] 

Each of the compounds prepared in Examples 1-29 (100 mg) was dissolved in 100 ml of physiological saline. 
Under aseptic conditions, the obtained solution was charged in a 2.5 ml ampule and the ampule was sealed to prepare 
an injection preparation. 

[Formulation Example 2] 

A mixture (1 ml) of ethanol and water was added to a mixture consisting of each of the compounds prepared in 
Examples 1-29 (500 mg), crystalline cellulose (50 mg) and lactose (450 mg) and the two mixtures were blended inti- 
mately. The blend was granulated by a conventional method to prepare granules. 

INDUSTRIAL APPLICABILITY 

According to the present invention, are provided compounds which antagonize fibrinogen receptors to thereby 
exhibit a high platelet aggregation-inhibiting activity, and which are excellent in in vivo stability against the cleavage with 
proteolytic enzymes and bioavailability. These compounds are useful as agents for inhibiting platelet aggregation. The 
pharmaceutical preparations comprising the compounds as active ingredient are very effective in preventing platelet 
thrombosis, thromboembolism and reocclusion during and after thrombolytic therapy, preventing platelet thrombosis, 
thromboembolism and reocclusion after angioplasty of coronary and other arteries and after coronary artery bypass 
procedures, preventing unstable angina and myocardial infraction, improving peripheral circulatory bloodstream and 
inhibiting blood coagulation during extracorporeal circulation. 

Claims 

1 . A compound of the following general formula (I) and a pharmaceutical^ acceptable salt thereof: 



NH Y x 




wherein A is a tertiary amine; 

R3 is hydrogen, a lower alky!, lower alkenyl, lower alkynyl, ar(lower)alkyl or aryl; 

R4 is hydrogen, a lower alkyl, lower alkenyl, lower alkynyl, hydroxy(lower)a!kyl, nrtrooxy(lcwer)alkyl, 
nitrosooxy(lower)alkyl, amino(lower)alkyl or heterocycle-substituted lower alkyl; an ar(lcwer)alkyl, 
ar(lower)alkenyl or ar(lower)alkynyl the aryl moiety of which may have a lower alkyl, halogen, nitro, amino, car- 
boxyi, hydraxy(lower)alkyl, hydroxyl or protected hydroxy!; an aryl or heterocyclic group which may have a 
lower alkyl, halogen, nitro, amino, carbaxyl, hydroxy(lower)alkyl, hydroxyl or protected hydroxyl; a cycloalkyl 
with a 3-8 membered ring the ring moiety of which may have a lower alkyl, halogen, nitro, amino, carboxyl, 
hydroxy (lower)alkyt, hydroxyl or protected hydroxyl, or a lower alkyl, a lower alkynyl or a lower alkenyl which 
are substituted with the cycloalkyl; or a lower alkyloxy; 

P and Q are each independently a lower alkyl, or when combined together, form a cycloalkyl with the adjacent 
carbon atom; 

R 5 is hydrogen or a physiologically cleavable carboxyt-protecting group; 
X is nitrogen or CH; 

Y 1 and Y 2 are each independently hydrogen, a lower alkyl, halogen, hydroxy, a lower alkoxy, a lower acyloxy, 
an acyi, caboxyl, a lower alkoxycarbonyl, nitro or trrfluoromethyl; and 
m is an integer of 0 to 2. 
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2. The compound and its pharmaceutically acceptable salt of claim 1 , wherein A is a cyclic tertiary amine. 

3. The compound and its pharmaceutically acceptable salt of claim 1 , wherein A is a tertiary amine represented by 
the following general formula (II), (III) or (IV): 

(CHj) ni ((CH2)n r CH=CH-(CH2) n4 )ii3 

/ \ / I 
N — > Z N Or Z _ N 

** (CH^nj (CHj)^ 

(n) (in) (») 



wherein Rj and R2 are each independently a lower alkyl, lower alkenyl, lower alkynyl, ar(lower) alkyl or aryt; 
Z is oxygen, sulfur, 



■4 ■ *=/ 



carbon having hydrogen, a lower alkyl, lower alkenyl, lower alkynyl, ar(lower)alkyl, hydraxyl or sii>stituted 
25 hydraxyl, amino or substituted amino, nrtro, nitroaxy, nrtrosooxy, halogen, thiol or substituted thiol, or aryl as its 

side chain; or nitrogen having hydrogen, a lower alkyl, lower alkenyl, lower alkynyl, ar(lower)alkyl, hydroxyl or 
substituted hydraxyl, amino or substituted amino, rtitro, nrtroso or aryl as its side chain; 
n 1 , r>2 and n 4 are each independently an integer of 0 to 6 and r>3 is an integer of 0 to 3. 

30 4. The compound and its pharmaceutically acceptable salt of any one of claims 1 to 3, wherein P and Q are both 
methyl. 

5. The compound and its pharmaceutically acceptable salt of any one of claims 1 to 3, wherein P and Q are both 
methyl, m is 1 , and X is CH. 
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6. A pharmaceutical preparation comprising the compound or its pharmaceutically acceptable salt of any one of 
claims 1 to 5 as an active inp/edent 

7. The pharmaceutical preparation of claim 6, which is used for inhibiting platelet aggregation. 

8. The pharmaceutical preparation of claim 6, which is used for inhibiting blood coagulation during extracorporeal cir- 
culation. 

9. The pharmaceutical preparation of claim 6, which is used for inhibiting the reocclusion of coronary arteries. 
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FIG.1 
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